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Honorabl e Lee M Thonmas
Admi ni strator

U.S. Environmental Protection Agency
401 M Street, SW

Washi ngt on, DC 20460

Dear M. Thonms:

The Deputy Adm nistrator and the Assistant Administrator for Research
and Devel opnent requested that the Science Advisory Board (SAB) reviewthe
progress made by the O fice of Research and Devel opment (ORD) in addressing
EPA' s needs for extrapol ation nodels. The SAB Executive Committee forned
an Extrapol ati on Mbdel s Subcommittee which conducted the review in public
session. The Subcommittee's full report, which is attached, descri bes:

1) the problemthat EPA confronts in devel oping and using extrapol ation
nodel s; 2) ongoing work fromthe perspective of the type of extrapolation

3) an analysis of the ORD effort organi zed according to scientific discipline;
4) a perspective on the overall effort of the Federal governnent in this

area of research; and 5) the Subconmittee's general coments and concl usions.

Model s that all ow one to extrapolate fromone set of scientific
phenonena or observations to another are an inportant conponent of the
ri sk assessnment process. The use of extrapolation nodels is subject to
consi derable scientific uncertainty, and many such nodels | ack recent
scientific review Gyven EPA's conmmitnent to using risk assessnent in
regul atory decision nmaking, it is inperative that the Agency pronote
efforts to inprove extrapol ati on nodel s.

The subject of extrapolation nmodeling is conplex. The Subcommittee
believes that the field can be described as a nmultidisciplinary matrix
so that the work can be viewed from different perspectives, such as the
ki nd of extrapol ati on process, the stage of nodel devel opnent, the
scientific discipline involved or the general approach to nodeling.
Progress in nodel devel opnent can be analyzed fromthese different
perspectives. The Subcomrittee devel oped the following two principles to
eval uate research pl ans:

1) If research on an extrapol ation nodel is successful, how
will the Agency be able to better assess risks? Wat can
EPA do with an inproved nodel that it cannot do w thout one?

2) WII successful research on a nodel establish |eadership
for EPA within the scientific community and pronote interest
in the nodel outside of EPA?



The Subcommittee's major finding is that there is no overall,
conceptual Iy integrated Agency research program on extrapol ati on nodel i ng,
but a congl omeration of investigator-initiated projects, many of which are
comrendabl e in their design and inplenentation. The Subconm ttee was
i mpressed with the talent of many of the individuals in the research staff
within the Health Effects Research Laboratory.

The Subcommittee's major reconmendation is that EPA shoul d devel op
a conprehensive plan for an extrapol ati on nodel s research programthat
shoul d: 1) articulate an overall conceptual objective towards which
i ndi vi dual projects would aim 2) enhance EPA's risk assessnent-risk
management phil osophy; 3) develop a framework that promptes nore planning
and resource stability in support of the research; 4) provide a comon
nonmencl ature; 5) inprove conmuni cati on anong the Agency's organi zationa
conponents; and 6) explain to the nonscientist how the research on
extrapol ati on nodel s supports the Agency's regul atory deci sions.

EPA nust provide | eadership within the Federal government to inprove
exi sting extrapol ati on nodels. EPA shares with other regul atory agencies
a great need for better nodels, and has some resources to performresearch
and to stinmulate work by the major Federal research organizations. Thus,
extrapol ati on nodeling creates a uni que research opportunity and agenda
for EPA

The Subcommittee appreciates the opportunity to review EPA' s ongoi ng
work in extrapol ati on nodeling. The Science Advisory Board al so | ooks
forward to a continuing involviment in the further devel opment and
application of this research. W also request that the Agency formally
respond to our report.

Si ncerely,

o

Ronal d Wzga, Chair
Ext rapol ati on Model s Subcomittee
Sci ence Advi sory Board

Norton Nel son, Chair

Executive Committee
Sci ence Advi sory Board
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U S. ENVI RONMENTAL PROTECTI ON AGENCY
NOTI CE

This report has been witten as a part of the activities of the Science
Advi sory Board, a public advisory group providing extramural scientific
i nformati on and advice to the Adm nistrator and other officials of the
Envi ronnmental Protection Agency. The Board is structured to provide a
bal anced expert assessnent of scientific matters related to problens facing
the Agency. This report has not been reviewed for approval by the Agency,
and hence, the contents of this report do not necessarily represent the views
and policies of the Environnmental Protection Agency, nor of other agencies
in the Executives Branch of the Federal governnent, nor does nention of
trade nanes or comercial products constitute endorsement of recomendati on

for use.
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. EXECUTI VE SUMVARY

EPA uses risk assessnment as a technical basis for devel oping regul ations
and standards. Mbdels that allow one to extrapolate fromone set of scientific
phenonena or observations to another are an inportant conmponent of risk
assessnent. Not all participants in the regulatory process outside of EPA
accept the use, or the extent of use, of extrapolation nodels. Although
the Subcommi ttee nenbers believe that the use of extrapol ation nodels is
intrinsically acceptable, to others the choice of a particular assunption
or nodel seens arbitrary. These choices can result in larges differences
in risk estimates and thus, regul atory deci sions.

Al'l extrapolation nodels are subject to considerable scientific
uncertainty, and nmany such nodels |ack recent scientific review To inprove
public acceptance of the regulatory process at EPA, it is inperative that
the Agency pronote efforts to i nprove and vali date extrapol ati on nodel s.

The devel opnment of accepted extrapol ati on nodels can al so i nprove the
Agency's use of its resources because these nodels can be substituted for
nore intensive (and often nore expensive) collection of directly applicable
dat a.

The subject of extrapolation nodeling is conplex. The Subconmittee
believes that the field is nmultidisciplinary and that the work can be vi ewed
fromdifferent perspectives, such as the kind of extrapolation process, the
stage of nodel devel opnent, the scientific discipline involved or the
general approach to nodeling. The Subcommi ttee devel oped two principles to
eval uate EPA' s research on extrapol ati on nodels. These incl ude:

1) If research on an extrapol ation nodel is successful, how wll
the Agency be able to better assess risks? Wat can EPA do
with an inmproved nodel that it can not do without one?

2) WIIl successful research on a nodel establish |eadership for
EPA within the scientific community and pronote interest in
t he nodel outside of EPA?

EPA's O fice of Research and Devel opnment (ORD) provided a well
witten briefing docunent for the Subcommittee. However, limtation of the
review to intramural projects within ORD made it difficult for the Subcom
mttee to eval uate the conprehensi veness and coherence of ongoi ng work
because key el enents may have been externally perfornmed. Scientific
personnel working in EPA's programoffices also contribute significantly to
nodel devel opnent. Based on knowl edge from other SAB reviews, sone Subcom
nmttee nenbers also noted that el enents of ORD s ongoing internal work was
al so not included, particularly in the areas of ecological and dosinetric
nodel s, or nodels that define the novenent of pollutants fromthe environnent
to a receptor. These omissions, and the tine lag in the Subcommittee's
preparation of this report, probably have resulted in reconmendations that
parallel nore recent ORD work that is underway.
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In their presentations, ORD s scientists enphasized specific projects
conducted by various organi zati onal conponents. Conbined with the |ack
of a conprehensive strategy to direct them this enphasis placed the Sub-
committee in sonmething of a dilenma. The Subcommittee had expected nore
of a synthesis or overview of the ORD work fromthe perspective of
extrapol ation processes. Therefore, instead of commenting on a strategic
docunment and pl aci ng nore enphasis on reviewi ng specific nodels used by the
regul atory offices, the Subcomm ttee has constructed a synthesis of its own.

At present, work on extrapolation nodels is a small portion of ORD s

overall responsibility. |In sone cases, small pieces of research are carried
out with no clear relationship to other research projects or to long-term
goals. In other cases, whole areas of extrapolation nodeling are apparently

ignored. Often, projects are funded for purposes other than the advancenent
of extrapol ation nmodeling. Such "piggyback" funding permts investigators
the tinme to reorient and refocus their ongoing work onto extrapol ation

nodel ing topics. The overall funding level is lowin relation to the

magni tude of the problemfacing the Agency. G ven these circumstances,
Agency managenent shoul d not devel op unrealistic expectations of ORD

Support for extrapolation nodeling could suffer from EPA' s approach to
al l ocating research funds through programoriented research conmmttees
because the work sel domis program or nedium specific. However, there are
exanpl es whi ch suggest that this is not a uniformproblem The Subcomittee
bel i eves that the interaction between ORD and Office of Air Quality Planning
and Standards has been productive and could serve as a prototype for other
efforts in EPA. The existing research comrittees and the research initiative
on extrapol ati on nodeling reveal ed by the briefing docunment provide a start
toward a program plan that is responsive to overall Agency regul atory needs.

The Subcommittee identifies ten extrapolation processes that are
important to EPA's regulatory efforts. Each process subsunes many specific
nodel s. The Subcomittee did not possess a detail ed description of nodels
currently used by EPA. It concludes that the scope of ORD s current efforts
i s uneven, observing specific weaknesses in research on extrapol ati on between
times of effect, structure-activity relationships and pathol ogy/ organ systens.

The Subcommittee also reviewed ORD s intramural research on extrapol ation
nodel s fromthe perspective of scientific disciplines represented. |Its mgjor
conment s incl ude:

1) ORD s carinogenicity programis well-defined, but the various
conmponents of the program are not of equal inportance. It was not clear
how t he research conponents were selected. Moreover, nodification of the
pl anned research could result in significant increases in the value of the
wor k.

2) Extrapolation modeling efforts for nmutagencity are clearly warranted.
The rel evance and validity of the existing research for future risk assessnent
efforts were not always apparent in the briefing docunent, and further

clarification is desirable. It also appears that this work woul d be enhanced
by increased statistical analysis. The Subcomrittee questions whether the
results from extrapol ati ons based on the parall el ogram nodel will be usefu

in predicting adverse human health effects because ORD did not state how
chronpbsone aberrations or formation of adducts relate to human risk. The study
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of nodels that extrapolate fromhigh to | ow exposures is of particular interest
because it is now possible to neasure chemcally the formati on of adducts

bet ween genetic material and genotoxic chemcals to provide estimtes of

i nternal exposure at nuch | ower doses than previously possible. ORDis partici-
pating in this scientific advance. Measurenents of adduct formation in

animals (or humans) in which toxicity occurs will be of general theoretica

i nportance in extrapolating risks to | ow doses.

3) The nonionizing radiation research program could contribute in-
formation to several extrapolation nodels that are specific to this source.
The goal of the effort should not, however, be just a npbdel with a certain
nunber of cells but an insight into adverse physiol ogical effects in humans
as a result of elevated tenperature induced by radi ofrequency heating. More
attention mght be given to addressing the significance of physiol ogica
effects predicted in humans.

4) The Subcomittee recomends that ORD conduct nore of the type of
work reported as conparative toxicology and as structure-activity
rel ati onshi ps anong toxicants.

5) The investigators within the neurotoxicol ogy program appear to
coordinate well, and they study the same chemicals under nearly identica
conditions. The quality of the research is uniformy high. Indeed, the
research group at EPA is widely recognized as a | eadi ng neurobehavi ora
toxi col ogy group in the country. The details of how the devel opi ng data
base will be applied to the devel opment of extrapol ati on nodel s needs to be
articulated in greater detail

6) There is a need to develop a nethodol ogy for risk assessment in
reproductive and devel opnental toxicology. Sonme of ORD's work is markedly
out of date, whereas other aspects are abreast of contenporary devel opnenta
biology as it relates to questions of environmental toxicity. The devel opnenta
bi ol ogy program needs an external, independent source of ongoing gui dance
and review from senior scientists in the sane field. The plans in the
bri efing docunent to devel op new methods for dernmal absorption and reproductive
toxicity, although inportant toxicologically, do not seemto fit with attenpts
to advance risk assessnment in these areas.

7) The research of the inhal ation toxicol ogy program addresses issues
that are critical to the devel opment of reliable extrapol ati on nodels for
pul monary targets. |In general, the programis scientifically sound, and it
systematically attenpts to provide those data needed for accurate extrapol ation
nodel i ng. The dosinetry studi es conprehensively examni ne inportant pollutants
to provide accurate conparative regional dose estimtes for several species.
Sensitivity analyses with the devel oped nodel s can be used to effectively
gui de further experinental work. However, the species sensitivity aspect
of the programis not as well focused and appears to be addressing sone
i mportant points, while enphasizing sone that may not be as critical to
extrapol ation nodels. Sone refinenment is needed to determ ne which endpoints
are of health significance.

8) Most of the projects on system c toxicants are in the formative
stages. The Subcommittee found the | ack of integration between this program
and the prograns in neurotoxicol ogy, inhalation toxicology and devel opnenta
bi ol ogy to be particularly frustrating, since the latter subjects are
conponents of systemi c toxicology. Certain organ systens, such as the liver
and ki dney, receive no attention in ORD's plan. Wrk in these areas may
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lead to new risk assessnent guidelines. It seens inplausible that the

eval uation of test data will generalize much from one organ systemto

anot her. For exanpl e, EPA could have one guideline for the assessnent of
neur ot oxi ¢ substances and another for the assessnment of substances that
pose devel opnental risks. This is another reason to establish stronger

I i nkages between the system c toxicol ogy program and other prograns, and to
provi de research coverage of all nmmjor organ systens.

Based on its review fromthe perspective of scientific disciplines,
the Subcommi ttee concludes that ORD s program has many sound el enents, but
that the effort is uneven and that om ssions exist in sone inportant
areas. However, the existing program does provide a good start for a nore
conprehensi ves research effort, and stronger planning should nmake the
program on extrapol ati on nodeling nore effective in nmeeting the Agency's
regul atory needs.

The Subcommittee al so reviewed sone disciplinary efforts that cross-
cut those described above, particularly pharmacoki netics. Pharmacokinetic
approaches within the extrapol ation research programrange from non-
existent to quite sophisticated. For exanple, the reproduction, teratology
and neur ot oxi col ogy prograns do not di scuss pharnocoki netic paraneters in the
bri efing docunent, while the carcinogenicity and inhal ati on toxicol ogy prograns
enphasi ze dosinmetry and nodeling at a high | evel of sophistication. The
Subconmi ttee concludes that certain of the disciplinary prograns woul d benefit
by the inclusion of pharmacokinetic experinents and that EPA shoul d devel op
a systematic approach to pharmacoki netics across all progranms of extrapol ation
nodel i ng.

In addition to pharmacokinetics, there are other disciplines, such as
statistics, that also integrate information fromdifferent organ systens or
extrapol ation processes. They also will help to provide coherence to ORD s
extrapol ation nmodeling research effort. Work to refine and inprove
extrapol ation nmodels is inherently statistical in nature. Laboratory research
ainmed at this objective requires the application of statistics for such topics
as data analysis, testing of hypotheses, nodeling of dose-reponse curves,
experinmental design and interpretation of statistical variation. Risk assessors
can use statistical approaches to analyze |arge data bases and gain insight into
fundanent al net hods. Although such work is difficult and often demands a
nmul tidisciplinary effort, statistical approaches provide, for exanple, the
default assunptions used by regul atory agenci es when precise data are not
avail able. G ven the enphasis of the briefing docunent on human endpoints, the
absence of epidem ol ogy research al so was notabl e.

Rel ative to the avail able resources, the current research programis
scientifically prom sing. ORD has devel oped a nunmber of worthwhile projects
that could inprove Agency risk assessnent practices and has recruited a group of
tal ented investigators. However, ORD |l acks a strategic plan. The current plan
bri ngs together independent projects well before the establishnment of a conpre-
hensi ve extrapol ati on nmodeling program An overall strategy towards which
t he individual scientist can ai mdoes not exist.
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The Subconmittee recomends that EPA initiate work on the plan by
meki ng an inventory of the extrapol ati on nodels actually used by the various
regul atory prograns and evaluating them This specific task has nerit on
it owm, not only as part of the broader planning effort. It could identify
areas in which inproved extrapol ati on nodels are needed and aid in determ ning
the inplications for research planning. Developrment of such a plan should
involve all parts of the Agency which nake use of extrapol ati on nodel s,
particularly the program offices.

A conprehensive plan for an extrapol ati on nodel s research program
shoul d: 1) state an overall conceptual objective or framework towards which
i ndi vi dual projects would aim 2) enhance EPA's risk assessnent-risk
managenment phil osophy; 3) develop a framework that pronotes nore planning
and resource stability in support of the research; 4) provide a common
nonmencl ature; 5) inprove conmuni cati on anong the Agency's organi zationa
conmponents; and 6) explain to the nonscientist how research on extrapol ation
nodel s supports the Agency's regul atory deci sions.

EPA nust provide | eadership within the Federal government in inproving
exi sting extrapol ati on nodels. EPA shares with other regul atory agencies a
great need for better nodels, and EPA has sone resources to performresearch
and stinulate additional efforts by the Federal research organizations.
Thus, extrapol ation nodeling creates a unique research opportunity and
agenda for EPA.



[1. | NTRODUCTI ON

The charge to the Extrapol ati on Model s Subcomittee was to advise the
Admi ni strator and other senior officials of EPA on the status of research on
extrapol ation nodeling within EPA's O fice of Research and Devel opnent (ORD)
The Subcommittee focused, in-particular, on the integration of existing
research efforts and their relevance to EPA's regul atory requirenents. It
al so addressed the future needs of the research program G ven the inportance
of extrapolation nmodels to EPA, other Federal agencies and the scientific
comunity, the Subcommittee has broadened its charge to include a survey
of research needs and opportunities that each of these groups, working
i ndividually or collectively can address. |In support of this review, the
Subconmittee received a briefing of two days duration and a report with two
appendices. The review is one of a series of SAB efforts intended to
i ndependent|ly eval uate ORD s progress in devel opi ng data and net hodol ogi es
for use in regulatory decision nmaking.

Dr. Richard Schl esi nger was unable to attend the nmeeting in person
but contributed coments by mail after tel ephone interviews with appropriate
EPA personnel. Dr. Sergio Fabro attended the neeting, reviewed all materials
related to devel opnental or reproductive effects and created the structure
of sections V and VI of this report. Unfortunately, Dr. Fabro died while the
report was in preparation. Dr. Marshall Johnson, who did not attend the
nmeeting, volunteered to assune responsibility for conpletion of the devel op-
mental and reproductive effects subsections of section VI.

A.  DEFI NI TI ONS

As the Subconmittee views the subject, a "nobdel" is an abstract, con-
ceptual description of an object or process that imtates or describes
essential features of the object or process, often in mathematical or
statistical terns. Models usually are neither well validated nor broadly
applicable, but intend to represent conmponents or exanples of a specific
phenonenon. Mddels often inexactly describe a conplicated, poorly understood
obj ect or process. A nodel can be physical, conceptual or mathematical. For
exanpl e, a rodent can be used as a physical nmpodel of a human in toxicol ogica
assessnment. The idea that a rodent is an anal ogue of a human can be expressed
diagramatically as a conceptual nodel. EPA often extrapolates quantitatively
fromrodents to hunmans on the basis of body surface area, estimated as a
function of body weight. This overall concept can be expressed as a
mat hemati cal nodel, as foll ows:

2/3 2/ 3
(rodent wei ght) = (human wei ght)
(rodent potency) (human pot ency)
Al t hough the above is illustrative of extrapol ati on nodel concepts, npst

nodel s that EPA uses are nore conplex than this exanple.

Extrapol ation is the process of projecting beyond the avail abl e data
on the basis of the available data. When the nodel is nathematical, equations
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are devel oped that are consistent with the phenomenon and other scientific
informati on, and equations are fitted to the data to devel op paraneters.
New sol utions are then devel oped with inputs beyond the range of the data.
Fol |l owi ng common usage in the discussion below, reference is nade occasion-
ally to "extrapol ation" to untested doses outside of the tested range,
which is simlar to the other processes discussed. 1In reality, EPA inter-
pol ates between doses since an estimate is nmade within the range of doses,
i ncl udi ng an undosed control (or baseline) observation

B. AGENCY USES OF EXTRAPOLATI ON MODELS

Ext rapol ati on nodels are inmportant for EPA because the Agency rarely
has fully conclusive data on the "cause" of a public health and environnent al
problemthat is the object of a proposed regulation. Thus, the scientific
assessnments, on which regulatory and enforcenent actions rest, frequently derive
fromone or nore extrapol ati on nodels. EPA currently uses extrapol ation
nodel s in the absence of human data for at |least ten sets of scientific
activities. These include extrapolating:

1) Quantitative potency between speci es.

2) Effects in a "normal" population to subpopulations with different
sensitivity due to a prior disease state that may be genetically
and/or environmental |y caused.

3) Qualitative pathology or organ system i nvol vient.

4) Low dose effects from high dose data (with inherent or enpirica
control data).

5) Effects with one route of adnministration from data on anot her
6) Effects fromdifferent tinmes of exposure (and dose rates).

7) Tinmes of effect.

8) Effects at different devel opnental stages.

9) Effects of untested chem cal structures fromdata on rel ated
chemical structures.

10) Whole aninmal effects fromtest tube or cell culture results.

After their initial devel opnent, new extrapol ati on nodel s are subjected
to technical peer review and sonetines to public comment. They may
beconme widely used if they withstand this scrutiny. The devel opnent of
accepted extrapol ati on nodels can also result in significant econom es
to the Agency because these nodels can be substituted for nore data
i ntensive (and often nore expensive) nethods.

In general, the Subconmittee believes that EPA clearly needs to use
extrapol ation nmodels to discharge its responsibilities.
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C. THE COWLEX NATURE OF EXTRAPOLATI ON MODELI NG

As each nodel devel ops, work on any of the ten processes of extrapol ation
descri bed above proceeds in stages. The stages mi ght be described as
fol |l ows:

1) Physical nodel

2) Conceptual nodel.

3) Mathematical nodel.

4) Experinentation and validation.
5) Statistical analysis.

6) Iteration of the above steps.

However, this description of the stages uses terns that are overl appi ng
and not independent of each other. For exanple, a physical nmpodel need
not be used at all. Statistical analysis sonetinmes is the first step in
nodel devel opnent. At any stage, an alternative nodel can be posed for
i nvestigation. For exanple, scientists nay debate whether mce or rats
are a nore appropriate physical nodel to understand sonme health effect of
a substance in humans. As another exanple, two mathenmatical nodels conpete
as descriptors of the relationship of carcinogenic potency between species.
One is body surface area (described above) and the second is body weight,
which differs mathematically, as foll ows:

(rodent wei ght) = (human wei ght)

(rodent potency) (human pot ency)

EPA currently has a cooperative project with the Departnent of Defense

that will attenpt to choose between these two (and other) nodels based

on the avail able human and aninmal data. This is a very inportant project
for the Agency, as the choice between these two nodels could result in a
re-examnation in the level of some environnental standards. (This work was
not included in the extrapol ati on nodeling program presented to the Subcom
nmttee because the project is externally funded.)

Extrapol ati on nmodels will differ depending on the biological endpoint
in question. For exanple, neurotoxic effects and carcinogenic effects are
unlikely to develop in a parallel manner under identical conditions of
chemi cal exposure. Mst of the various toxicological disciplines differ
in their techni ques, nmethods and approaches. Fromthe perspective of
| aboratory scientists, the technol ogy enpl oyed by different disciplines
differs so drastically that discussion of the npdels across these boundaries
may seem poi ntless. For exanple, the neurotoxicol ogist focuses on the
comuni cation of information by a specialized tissue, using techniques
such as neasurenment of nerve conduction velocity. The oncol ogist seeks to
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under st and the phenonmena of uncontrolled cellular growmh and netastasis,
perhaps by neasuring alterations in the structure of genetic material

Even if the the sane event were exam ned, for exanple, the induction of a
neur obl astoma, the nethods utilized by the two disciplines probably would
differ. The exam nation of the tissue by each expert could involve differing
conceptual approaches, pathological techniques and ideas of disease
progression, making it unlikely that the disciplines would reach identica
conclusions. This latter outconme poses a great challenge for regul atory
agenci es seeking to synthesize scientific data and nethods in a risk assess-
ment .

Another way to view the progress of an extrapolation nodel is its
stage of refinenent. To sonme extent, refinenent runs parallel to the
stages of devel opnent descri bed above. Conceptual nodels are approximtely
the sane as "default assunptions"” in the field of risk assessnment. EPA
uses default assunptions when specific data on a substance or process are
not available. The default assunption is based on reasonabl e i deas about
how substances or processes behave in general. At an early stage, the
nodel may be a vague concept, which later is expressed nat hematically>
The mat hematical expression is nore rigorous. However, as work on a
nodel proceeds, a |larger data base accunul ates that can be used to help
eval uate the nodel for its scientific adequacy. Care nmust be taken
however, to insure that the sane data are not used both to generate and
eval uate the nodel. Particularly when the nodel is mathematical, it can be
fitted to different data sets in order to better state the form of the
equation (or its parameters). Discrimnation will be gained on how the
parameters will change with different categories of substances. Further
confidence in any nodel will grow as it w thstands increasing scrutiny.

The i nportance of analyzing a nodel for consistency with the data
and accepted theories of physics, chem stry, nedicine and bi ol ogy has not
received sufficient attention by regulatory agencies. Oten, so nany
years | apse between proposal of a nodel and general acceptance that it
contradicts our general scientific understanding and shoul d be di scarded.
In same cases, no known or practical way exists to validate a nodel.

Eventual |y, as EPA and ot her organi zations collect better data on a
particularly contentious process or substance, it may no | onger be necessary
to use extrapol ation nmodels. The Agency nay have exact data on the phenonenon
of interest and can provide a nore accurate, specific assessnent with the
result that the uncertainty in risk estinates will decrease in the progres-
sion from educated guesses to validated nodels to exact data on the process
in question. This progession contrasts with research on the nodels them
sel ves, where the effort is to validate the equations or paranmeters of the
nodel for general use, not to replace it with a description of a single
phenonmenon. Because the Subcommittee was asked to descri be the progress
that ORD is making in answering the needs of the Agency to extrapol ate, an
effort has been made in this report not to confuse work on the nodels with
data acqui sition.
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The mat hematical form or at |east the paraneters, of a nodel wll
change, depending on the chenical substance involved. For exanple, the
Metal s Subcomittee of SAB' s Environnental Health Conmittee has discussed
wi th EPA' s Carcinogen Assessnment Group the idea of basing the extrapol ation
bet ween speci es of carcinogenic potency for inhaled nmetallic particles
on the processes of deposition and absorption in the |ung, rather than
body netabolic rate. The Metals Subcommittee and the Carci nogen Assessnent
Group agree that extrapol ati on based on body netabolic rate can be
appropriate for gases.

Despite the conplexity of npdel devel opnent, the scientific goa
for each nodel of each biol ogical endpoint is the sane, nanely to reduce
uncertainty to the nmaxi nal extent possible. Utimtely, it is desirable
not to extrapolate at all, by aquiring and utilizing information on the
effect in question by direct observation of the target species of concern
and the pollutant of interest at actual environmental exposure |evels,
and to have these observations supported by well-validated theories of
t he nmechani sms i nvolved. Such information will seldom be available to
EPA. Its acquisition is resource intensive for both dollars and equi pnent
and in the use of scarce personnel with special skills and tinme. Hence,
this ultimate goal needs to be replaced by another, nore feasible one of
havi ng general ly accepted extrapol ati on nodels with mnimal uncertainty
associated with their use. These nodels woul d enabl e EPA and ot her
regul atory agencies to achieve their goals through a | ess resource and
data i ntensive approach.

To better organize the conplex task inherent in devel opi ng nodel s,
the Subcommittee recomrends that EPA adopt the idea of a nulti-dinensiona
matri x. Each dinension of the matrix would indicate one of the follow ng
ways of view ng the subject:

1) Extrapol ation processes, as described above.

2) Stages of nodel devel opnent, as described above.

3) Biological effect or toxicological discipline.

4) Substance(s) of concern.

5) Stage of data aquisition.

6) General approach to nodeling or to biological phenonena.

If any two of these dinmensions were illustrated as two sides of a chart

(or conputer spreadsheet), each intersection on the chart would still be
qui te conpl ex.
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D. RELATI ONSHI PS BETWEEN EXTRAPOLATI ON MODELI NG, PHARMACOKI NETI CS
STATI STI CAL APPROACHES AND RI SK ASSESSMENT

Phar macoki netics is the study of the absorption, netabolism distri-

bution and elimnation of foreign substances (xenobiotics) fromthe body.
Phar macoki netic information can contribute to any of the ten processes
(see page 7) for which EPA uses extrapol ati on nodels. However,
phar macoki netic i nformati on cannot provide a conplete basis for a desired
extrapol ati on process because nore factors are involved in each process
t han absorption, netabolism distribution and elim nation of the externa
dose (or exposure). For exanple, in extrapolating between two species,
know edge of the internal (biologically effective) dose of a substance
can be gained froma know edge of the pharmacokinetics of the substance.
I ndeed, even if the pharnmacokinetic data are understood in only one of two
speci es, scientists can make an inforned estimate of the internal dose in
t he second species. However, if the internal dose is the same in the two
speci es, the biological response may differ between them

Al l extrapol ati on nodels are influenced by pharmacokinetic data. 1In
addi ti on, pharmacoki netic data can contribute to an estimate of risk without
the necessary inclusion in an extrapol ati on nodel. Therefore, extrapo-

| ati on nodel i ng and pharmacoki neti ¢ anal ysis overlap each ot her

Work to refine and inprove extrapolation nodels is inherently statis-
tical in nature. Laboratory research ainmed at this objective requires
the application of statistics for such things as data analysis, testing
of hypot heses, nodeling of dose-response curves, experinental design and
interpretation of statistical variation. However, "non-|aboratory" research
activities, which the Subcocmmittee has defined as "statistical approaches,™
al so play an inportant role in extrapolation nodeling. Risk assessors
use statistical approaches to analyze |arge data bases, gain insight into
fundament al net hods and devel op default assunptions. Such work is difficult,
and it often demands a nmultidisciplinary effort of skilled investigators.

E. OPERATI ONAL OBJECTI VES

The Subconmi ttee has searched for sone principles by which progress in
research on nodels could be evaluated. Progress could be said to occur if
the research were to:

1) Provide data sufficiently direct and accurate that there is
no need to extrapol ate.

2) Cenerate new physical, conceptual or mathematical nodels.

3) Help focus the acquisition of new data on the nobst crucial
el enents of a nodel and/or inprove the paraneters of a nodel.

4) Provide support information that validates, replaces or
contradicts a nmodel used by the Agency.
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5) Provide critical exanples of nmpbdels (e.g., for a prototype

subst ance).

6) Accunulate sufficient enpirical data to stinulate statistica

anal ysis and hypothesis formation.

7) Develop statistical measures of the different classes and

i mpacts of uncertainty, given a set of assunptions for a
process, substance or nodel .

specific

An extrapol ati on model can be evaluated with respect to its function

according to the follow ng principles.

1) 1s the nodel efficient? Does it lead to inproved risk assessnents
and aid in rejecting inferior ones? Can it be used by Agency

regul atory staff?

2) Is the nodel accurate? Does it provide answers that are
nurmerically close to measurenents in the field?

3) |Is the nodel congruent with (relevant to) the decision at
hand? Is it valid?

4) |Is the nodel flexible? Can it be nmodified easily to refl
di fferent object or process?

5) Is the nodel transparent? WII a decision naker distrust
not use a nodel because it is too far renoved from experi

6) |s the nodel accepted within the specialized technica
comunity?

ect a

or
ence?

While the two sets of principles stated above generally can assist the
the scientific conmunity in describing the progress achieved in devel opi ng

a specific nodel, they do not easily facilitate the conparison or

eval uati on

of work conducted by ORD on different nodels. Instead, the Subconmittee
devel oped two principles to guide its discussions, evaluate material prepared

by ORD and wite this report. They include:

1) If research on an extrapolation nodel is successful, how

wi | |

the Agency be able to inmprove its assessnment of risks? What

can EPA do with an inproved nodel that it cannot do witho
one?

2) WIIl successful research on a nodel establish |eadership
EPA within the scientific comrunity and pronote interest
t he nodel outside of EPA?

F. SCOPE OF THE REVI EW

At its review neeting, ORD staff informed the Subcommittee th
review woul d not include externally funded work. Thus, extranura

ut
f or

in

at the
grant and

contract projects supported by ORD were not reviewed. Only work done by

ORD enpl oyees has been eval uat ed.
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As suggested above, npbst of risk assessnent involves the integration
of hazard and exposure estinmates. The Subcommittee found that little of
the research presented at the nmeeting or in the ORD docunents related to
exposure; nost enphasized hazard, particularly human health hazard, as the
obj ective. Mst assessnents of the hazard to human health presented by
processes or substances do have embedded in thema variety of extrapol ation
nodel s. However, the Subcommittee is aware of intranural research done
wi thin ORD on nodels used in expressing exposure and ecol ogi cal hazards.
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[11. ORD s APPROACH TO EXTRAPCLATI ON MODELI NG

A. EPA's RESEARCH COWM TTEES

ORD and the regul atory offices jointly establish priorities for research
programnms through a process of extensive consultation within six Research
Committees. Four of these Committees relate to the mmjor program offices
air, water, hazardous wastes and pesticides/toxic substances. The remaining
two Research Committees focus on nultinedia energy issues (including acid
deposition) and interdisciplinary research. These Conm ttees consist of
Agency officials fromboth ORD and the program offices and are co-chaired
by research and program managers from both units. Because the Research
Committees serve many clients and address all scientific disciplines that
cross-cut the ORD | aboratory structure, they focus with difficulty on
single initiatives, such as extrapol ati on nodel i ng.

As the Subconmittee understands it, the potential exists for each
Research Committee to give a low priority to research that would significantly
enhance the risk assessnent process in all program offices because the
research is not specific to one environnental nediumor program However,
ORD Research Conmittees do provide an opportunity for programoffices to
actively devel op their own research objectives and introduce scientific
initiatives in the planning process. One exanple of this intervention, the
i nteracti on between ORD s inhal ati on toxicology researchers and the Ofice
of Air Quality Planning and Standards (OAQPS), has led to sone of the best
(and nost easily applied) research on extrapol ati on nodels covered in this
review. The Subcommittee suggests that EPA as a whole will benefit if it
bui I ds upon the ORD- OAQPS interaction

B. FORMULATION OF THE ORD PLAN

| mprovi ng extrapol ation nmodeling is essential to enhancing EPA' s
ri sk assessnent efforts. ORD s research energed as a result of projects
undertaken by individually creative and anbitious investigators. These
early efforts were encouraged by other factors, including: 1) OAQPS staff
who under st ood and supported the rel evance of this work to their own
programmati c goals; 2) recent reconmendations by the SAB in reviews of
EPA Heal th Assessnent Docunents and Criteria Docunments; 3) the Agency's
devel opnent of new risk assessnent guidelines; and 4) the National Acadeny
of Sciences report on "Risk Assessnment in the Federal Governnent: Managi ng
the Process."

Research Conmittee deliberations and interactions anong | aboratory
scientists and program office staff subsequently led to the identification
of a set of mmjor issues in extrapolation research. The overall goal was
identified as the need to enhance significantly the scientific basis for
ri sk assessnents based on health effects data. The i medi ate objectives
were identified as conducting the research necessary to produce nodels for
i mportant extrapol ati on processes.
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The response of ORD s scientists to this set of objectives was to
i dentify on-going research that appeared to have rel evance to extrapol ation
nodeling and to fornulate an initiative to the extrapol ation of chemn cal
and pharmacoki netic properties to health and ecol ogical effects. (See
Appendi ces to ORD' s briefing docunent). While this effort achi eved sone
early successes, the initial plan omtted some extrapol ati on nodel s of
i nportance to EPA' s direct regul atory needs and | acked sufficient detali
to permt evaluation of specific experinents. The Subconmttee recomends
that future ORD planning efforts enmphasize the specific nodels currently
used in standard-setting, litigation and enforcenment, and their relative
i mportance.

C. BUDGETARY SUPPORT FOR ORD S EXTRAPOLATI ON MODELI NG RESEARCH

The Subcommittee requested and ORD provided a brief sunmary of EPA's
funding for research on extrapolation nodels. The Subconmittee understands
t hat budget estimates available at the review neeting represent approxinmations
and that individual investigators partition their effort between different
projects, many of which are not primarily intended to support extrapol ation
nodeling. This partitioning does not yield precise dollar estimates. The
efforts by individuals apparently are added together, and dollar figures
are based on the projected cunul ative effort.

The "bal |l park"” figure for total support of extrapol ation nodeling,
about four million dollars for Fiscal Year (FY) 1986, is inmportant in two
regards. First, work on extrapol ation nodels is a small portion of ORD s
overall responsibility. Second, this level of funding is lowin relation
to the magni tude of the problem facing the Agency in the area of extrapol ation
nodeling. Unless additional funding is provided, Agency managenent shoul d
not devel op unrealistic expectations of ORD

D. THE PARALLELOGRAM APPROACH

During the course of the briefing, ORD staff from nore than one discipline
made reference to a "parall el ogram concept which has a certain appeal as
a unifying principle for ORD s effort on extrapol ation nodeling. |If used
with the rodent to human body wei ght exanple described in the introduction
(above), a parallelogramwould resenble the follow ng:

RODENT BODY HUMAN BODY
SURFACE AREA SURFACE AREA
RODENT TOXI C HUMAN TOXI C

DOSE DOSE
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The Subconmittee believes that the parall el ogram approach has both
advant ages and di sadvantages. When the Agency has a detail ed understanding
of the extrapol ation process, the parallel ogram approach is an excell ent
heuristic device, particularly to conmunicate the work to an audi ence of
| ay persons. It also concisely displays the rel ationships under discussion.

A parallelogram al so oversinplifies the information and tends to

conceal a nunber of conplexities. |In the exanple above, the Agency actually
nmeasures body wei ght, not body surface area. A parallelograminplies that
all relationships will exhibit sinple |linear proportionality, which sel dom

will be the case. Mst inportantly, the parallelograminplies that building
extrapol ation nodels is a facile process, leading the uninitiated to believe
that relationshi ps between any variables can be derived easily, which is

wrong. I n several instances, the presentations |eft the Subcommttee with

the feeling that inadequate attention had been given to nodel formrulation

and verification. Nothing intrinsic to the parall el ogram approach comuni cat es
when it is not applicable.
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V. ORD S PROGRAM FROM THE PERSPECTI VE OF EXTRAPOLATI ON PROCESSES

The Subcommittee does not intend to provide a project by project
eval uation of of ORD's entire programin this section of the report.
I nstead, the Subcommittee seeks to discuss the applicability of selected
ORD research to sone inportant issues facing the field of extrapol ation
nodel i ng which, in turn, can aid ORD in identifying sonme future needs of
this program Utimtely, ORD will have to docunent the extrapol ation
nodel s in use for a conprehensive evaluation to take pl ace.

A.  EXTRAPCLATI ON BETWEEN SPECI ES

Many of the state-of-the-art advances in extrapol ati on between species
originated within ORD's O fice of Health and Environnmental Assessnent,
especially in the Carcinogen Assessnment Group (CAG which has pioneered the
use in regul atory decision making of aninmal data to assess carcinogenic

ri sks of substances to humans. Mst of these acconplishments have not been
funded directly as research projects. |Instead, the research devel oped
because existing nmethods did not work during efforts to assess carci nogens
for regulatory purposes. For this reason, nuch of the creative work of
broader significance has been "bootl egged" fromthe budget to support

ri sk assessnents for specific substances.

ORD' s Health Effects Research Laboratory is aware of the need to
support extrapol ati on work, and the Subconm ttee concludes that ORD has a
nunber of worthwhile projects underway that could further inprove Agency
practices. The lack of any citation in the briefing docunent of CAG efforts
t hat address extrapol ation issues is noteworthy and suggests that better
communi cation is needed anong the EPA groups working on extrapol ation
nodel s.

EPA basically relies on two approaches to extrapol ate between speci es.
These include: 1) body surface area for carcinogenic risks based on the
i ncidence of tunors at different exposure levels, and 2) a safety or
uncertainty factor for non-carcinogens, based on an exposure |evel at which
no adverse effects are observed. Both approaches acquire an additiona
degree of safety through an enphasis on the npost sensitive species. During
FY' 86, ORD has projects underway on the rate of heat loss in response to
radi of requency radi ation, conmputer sinulation of radi ofrequency effects,
deternmination of the ratio of the dose causing adult toxicity to that
causi ng devel opmental toxicity, enmbryo culture, interspecies extrapolation
of genotoxicity (especially for nolecular dose to DNA), genetic activity
profiles, comparative toxicity, dermal absorption, auditory and visua
sensory function, male reproduction, uncertainty factors, behavioral/
cognitive studies of animl nodels for known human effects, studies of
ani mal neasures of behavioral/cognitive effects correlated with human
effects, inhalation toxicology, predictions of ozone absorption and effects,
and pul nonary deposition nodels for particul ates or gases.

Only in a few cases did ORD explain how possi ble research outcones
m ght change existing Agency practices of extrapol ati on between species.
One such exanple is the determination of the ratio of the dose causing
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adult toxicity to that causing devel opnental toxicity. EPA currently

assunes that the ratio does not change across species, but the research in
progress m ght show that the average ratio for various substances differs
fromone species to another. Such information could enable Agency risk
assessors to eval uate devel opnental risks nore accurately. Overall, ORD
research on extrapol ati on between species is scientifically adequate and

some EPA scientists working on this process are the leaders in their scientific
fields.

B. EXTRAPOLATI ON BETWEEN SUBPOPULATI ONS CF DI FFERI NG SENSI TI VI TY

Most EPA risk assessnents assume a human popul ation that exhibits a

vari able sensitivity to an environnmental exposure to a chemcal. |If the

actual popul ation contains a subpopul ation of significantly higher sensitivity,
then supralinearity will occur in dose extrapolation, and EPA's usua
assessnment practices will not protect the subpopulation fromthe effects

of the environnental, exposure. It is appropriate for the Agency to inquire
whet her such subpopul ations exi st or whether the subpopulation's sensitivity
is subsunmed within the normal range of sensitivity of the population. |If

the subpopul ation is not part of the nornmal population, it also is appropriate
to search for sone neans to identify the sensitive subpopul ation

ORD has several projects underway on sensitive subpopul ati ons. Research
on human sensitivity to inhalation of cadm um phosgene and ozone will help
nmeet sone i mredi ate regul atory needs of the O fice of Air Quality Planning
and Standards and will provide detailed data for nore generalized efforts
on pul nonary deposition nodels of gases and particul ates. The Environnenta
Criteria and Assessnent O fice in Cincinnati has a project on interindividua
variability of human response to toxic substances.

ORD' s overall efforts on extrapolation to sensitive subpopul ations are
not integrated and | ack focus partly because no definition of sensitive
popul ati on or set of objectives apparently exists and partly because npst
of the work in this area is very recent. Research planning will especially
benefit from program office input since only a portion of EPA's regul ations
require a detail ed consideration of sensitive subpopul ations. However, ORD
does have avail able | eadership in this area: the inhal ation toxicol ogy
programis significantly advancing the state-of-the-art, and efforts of the
Environnental Criteria and Assessnment Office in Cincinnati are helping to
focus the issues froma nethodol ogi cal perspective.

C. EXTRAPOLATI ON BETWEEN PATHOLOG CAL ENDPO NTS OR ORGAN SYSTEMS

This extrapol ati on process was onitted fromORD s intial plan. It is,
however, a topic of mmjor inportance. For exanple, EPA currently assunes
t hat carcinogenesis in rodent species extrapol ates quantitatively to humans,
but that the extrapolation is not organ specific across species. This
assunption conflicts with nost data from nodels of specific human di sease
processes. EPA' s assunption nerits further investigation. As another
exanpl e, sone scientists have shown that, for rodent carcinogens, quantitative
measures of acute toxicity correlate with quantitative neasures of carcinogenic
potency. While this finding is controversial, it is of great inportance
to Agency standard-setting because, if true, it would provide inexpensive
support for the difficult and resource intensive process of eval uating
carci nogens, on which EPA places great enphasis.
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Wi | e extrapol ati on across pat hol ogi cal endpoi nts or organ systens
was omitted from ORD s plan, the Subcomrittee found that sone interesting
work on this subject is underway. |In the neurotoxicology program five
projects (devel opnent of a conceptual nodel of neurotoxicity, devel opnent
of ani mal nodels for human behavioral effects, correlation of animl measures,
audi tory and visual sensory function testing, and nol ecul ar neur obi ol ogy)
shoul d provide data on the correlation and causal relationshi ps between
di fferent neurotoxic endpoints. In the devel opmental biology program work
on mal e reproduction should show whet her different neasures of pathol ogy
nmeasure the sanme or different endpoints. ORD has devel oped a | arge data
base which profiles the avail able data on a specific chem cal for many
genetic toxicity endpoints. The Subcomm ttee suggests that statistica
anal ysis of these data nmay deterni ne whether different endpoints are neasuring
the sane thing, or not. The inhalation toxicology program has devel oped
physi cal nodels that show how different neasures of lung toxicity are
associ ated with each other, and such nodels shoul d enhance our understanding
of the relationship between danage to the lung and to other organs from
di fferent kinds of particul ate substances. Wrk in the Environmenta
Criteria and Assessnment Office in Cincinnati on the simlarity of target
organs and on the severity of effects directly relates to extrapol ation
bet ween pat hol ogi cal endpoints. All of these projects will produce data
that have the potential of changing and/or inproving existing regulatory
practices.

D. | NTERPOLATI ON BETWEEN DOSES

EPA has devel oped many of the state-of-the-art practices to interpolate
bet ween doses. ORD s Carcinogen Assessnment G oup has pioneered the use of

the so-called "linearized" nmulti-stage nodel for the assessnment of carcinogenic
risks. Apparently, this acconplishnment has not been funded as a research
project per se. |Instead, the work occurred, in part, as CAG responded to

comments on proposed guidelines for regulating carcinogens in water. For
this reason, much of the creative work on this nodel has been "bootl egged”
fromthe budget to support regulatory assessnments for specific substances.
ORD' s Health Effects Research Laboratory is aware of the need to support
research on interpolation between doses. There is, however, little work
underway in this |laboratory to address EPA's needs in dose interpolation
directly.

More than half of the projects reviewed by the Subconmittee have the
potential to influence Agency practices in this area. The project on the
ri sk of chem cal nutagens at environnental |evels has great potentia
for the validation of some of EPA s high-to-low dose interpol ation nodel s
because nol ecul ar doses to the genonme in humans can be related to the
di rect observation of the incidence of cancers in exposed persons. ORD
should clarify whether this research may duplicate other devel opnents
wi thin the Agency addressing the same problem
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E. EXTRAPOLATI ON BETWEEN ROUTES OF ADM NI STRATI ON

Al t hough program offices often base their regulatory actions on extrap-
ol ati on between routes of adnministration, the ORD program places little
enphasis on this process. It is supported only by work in the inhalation
t oxi col ogy program on cadm um and phosgene and by the pharnmacoki netics program

F. EXTRAPOLATI ON ACROSS DURATI ONS OF EXPOSURE

Extrapol ati on between different tinmes of exposure is a fairly constant
feature of EPA' s risk assessnments. Usually, the Agency assunes the that
fraction of |ifespan is equival ent between species. Testing of this assunption
nmerits nore research support than currently exists. Even in extrapolating
data fromthe sanme species to different durations of exposure, the relationship
between the different durations of exposure often is not clear. EPA usually
assunmes a ten-fold increase in potency fromacute to subchronic exposure
and anot her ten-fold increase from subschronic to chronic exposure. Additiona
research is needed to validate these assunptions or provide new ones.

The radi ofrequency program has exam ned extrapol ation across tinme of
exposure through conmputer sinulation and experinents. This focus is also
a central feature of the pharnmacokinetics program The inhal ation toxicol ogy
program has projects on pul nonary deposition of particul ates and gases that
wi |l provide valuable data. The nmutational risk project |ooks at tinme of
exposure in relation to germcell progression. The Environnental Criteria
and Assessnents O fice has a project on dose duration associations. Overall,
research on this topic is well supported by ORD

G EXTRAPOLATI ON BETWEEN Tl MES OF EFFECT

Extrapol ati on of the interval between tinme of exposure and the onset
of effect (latency) has been a particularly difficult aspect of EPA's
carcinogenicity assessnents. Oten the animal data are inappropriate to
estimate | atency since increased tunmor prevalence in a study is difficult
to distinguish fromreduced | atency. Since the Agency's policy is to
extrapol ate on the basis of tunor incidence without regard to correspondence
bet ween organ sites or kind of tunmor, latency to the appearance of the
ani mal tunors does not necessarily correspond to the | atency of human
cancers. The Carcinogen Assessnment Group has done sone work on so-called
"tinme-to-tunor" nodels that have been an inportant feature of risk assessnents
for a few substances, such as ethylene di bromi de. The radiofrequency
program and the nutational risk project on germcell progression also
provi de some information on | atency of effect, but ORD does not appear to
do nmuch research in this area

H  EXTRAPOLATI ON BETWEEN DEVELOPMENTAL STAGES

EPA typically bases risk assessnments on rodent data obtai ned using
standard toxicol ogical protocols. These data are not informative of whether
sonme particul ar devel opnmental stage is nore sensitive, yet the regulatory
program of fi ces have to set standards that will protect all devel opnenta
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stages and in some instances, such as adol escents enployed in agriculture,
have to set standards for a specific devel opnental stage. It oftenis
not clear how to extrapolate in a risk assessnment fromtoxicity data on
adults to other devel opnental stages. Both the neurotoxicol ogy and

devel opnental bi ol ogy prograns have work underway that is generally
concerned with this inmportant problem The dermal toxicology project has
al ready shown that there is no consistent effect of devel opnental age on
dermal absorption. The Subcomittee concludes that the enphasis in this
area is appropriate to the Agency's needs for new information, in part
because two ot her research prograns have a general enphasis on the
extrapol ati on probl em

| . EXTRAPOLATI ON BETWEEN DI FFERENT CHEM CAL STRUCTURES

EPA has to evaluate potential effects between chem cals of sinilar

structure in evaluating premanufacture notices, prioritizing |ists of
substances for detail ed assessments, estimating the effects of certain

m xtures of closely related substances (e.g. petrol eum products) and assessing
the wei ght-of the-evidence for toxic effects (e.g. carcinogenicity). G ven
this need, the Subconmittee concludes that the ORD effort on this extrapol ation
process i s not extensive enough.

ORD described work in progress within the neurotoxicol gy, genetic
t oxi col ogy and conparative toxicol ogy programs, but these efforts seem
directed at providing raw data on the effects of various substances which
others could interpret, as did the short-term cancer nodels project. |If
there was any systematic effort to contrast the testing with the generic
chem cal structures for which the | east data exist, ORD did not articul ate
it; neither was an effort apparent to evaluate the data statistically. ORD
did not link the data gathering to the areas in which the regulatory prograns
experience greatest uncertainty. Only for the dermal toxicity project was
an explicit effort to build nodels underway that was coupled with an effort
to i nprove nodel buil ding through aquisition of new data.

J.  EXTRAPOLATI ON FROM I N VI TRO TEST DATA TO WHOLE ANI MAL EFFECTS

In vitro test systems are rapid, inexpensive and relatively free of
et hical considerations in conparison to whole animal toxicity tests. Since
EPA often has to regulate with linmited data, in vitro test systems hold
great pronmise for carrying out the Agency's mission. ORD seens well aware
of this potential, and the Subconmittee concludes that research of funda-
mental inportance is underway for the devel oping the process of extrapolation
fromin vitro test data to whole animal effects.

The bi ol ogi cal markers program can relate bi ochem cal effects (that
potentially can be observed in tissue culture) to the incidence of toxic
effects in humans after certain exposures. Hopefully, these biochem cal
effects are also a part of the pathol ogi cal nechanismof toxicity. The
i mpact of such systens for Agency risk assessnments is profound because
causality of a biochemi cal event in pathogenesis will pernmt a direct
inference to effects of other substances on the same bi ochem cal marker in
ti ssue culture. The work on nol ecul ar dosinetry (genetic risk of chenica
nmut agens at environnental |evels) in the genetic toxicology program proni ses
to have a simlar power in relating the effects of many substances on cel
culture substrates to a few cases in which the incidence of human cancer
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at known exposures is linked to the levels of DNA nodification in exposed
persons. The projects on genetic activity profiles and nutational risk to
germcell stages will inprove the ability of EPAto relate in vitro test
outcones to whole aninmal toxicities. The dermal toxicity program has

al ready shown that human skin does not predict the whole ani mal absorption

of hydrophobic chem cals, counter to the usual assunption of risk assessors.
The neur ot oxi col ogy program has a project underway to validate the predictions
made fromin vitro neurotoxicity tests, and the devel opnental biology program
has a sinmlar enbryo culture effort underway.

The Subconmittee concludes that ORD has sonme state-of-the-art work
underway on the extrapolation fromin vitro test data to whol e ani nal
effects, and that sone of the investigators within this broad topic are
the leaders in their scientific specialties.
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V. ORD S PROGRAM FROM THE PERSPECTI VE OF SCI ENTI FI C DI SCI PLI NES

In the foll owing sections, the Subcomrittee has reviewed ORD' s work on
extrapol ation nmodels fromthe perspective of the scientific disciplines
i nvol ved. The review does not always follow along the lines of ORD s
organi zation. For exanple, the Subcomrittee preferred to exam ne severa
projects on Genetic Toxicol ogy together, although they are housed in different
ORD of fi ces and were presented separately.

A.  PHARMACCKI NETI CS

Phar macoki neti c approaches in the extrapolation research programrange
fromnon-existent to quite sophisticated. For exanple, the reproduction,
teratol ogy and neurotoxi col ogy prograns do not di scuss pharnmacokinetic
paranmeters in the briefing docunent, while the carcinogenicity and inhal ation
t oxi col ogy progranms enphasi ze dosinmetry and nodeling at a high |l evel of
sophi sti cation.

The non-ionizing radiati on program does not involve chem cal adm nistration.
Thus, pharnmacoki netic approaches have no role. The reproduction and teratol ogy
progranms focus on the renal, immune and cardi ovascul ar systens for teratol ogy
studi es and on gerontol ogy and endocrinol ogy for reproductive toxicol ogy
studies. Although this programis involved with work on dernal absorption of
pesticides, the approach is in vitro and does not involve pharmacokinetics.

The program woul d profit fromthe availability of pharmacokinetic data.
Simlarly, the neurotoxicol ogy program places consi derabl e enphasis on

speci es conparisons for extrapol ation research. For valid extrapolation, it
woul d seem i nportant to know whet her apparent species differences have nmetabolic
det er m nants.

The genetic toxicology program presents a parall el ogram net hod for
extrapol ation of in vivo and in vitro data across species which depends on the
devel opnent of dose-effect data. Although the netabolism of cycl ophosphamide is
mentioned briefly, and there is a nention of dosinetry under "Future
Directions,” no systematic approach to pharmacoki neti cs appears to be a part of
this project.

The carcinogenicity program gi ves consi derabl e enphasis to pharmacoki netics
and sone of the fruits of this effort could aid other research groups. One
series of experinents is directed toward determ ning the extent to which the
data frominhal ati on toxicokinetic studies can be used to make predictions
about the effects of ingested hal ocarbons. Experinments that attenpt to vary
both the route and pattern of chemical administration are in progress to
det erm ne whether the kinetics and toxicity of hal ocarbons depend on the
route and pattern of exposure. Studies on the toxicokinetics of cadm um
i nvol ve bot h pharmacoki netics and conputer nodeling. EPA uses the data to
devel op a toxicokinetic nodel, which is then conputer sinulated. The
simulation is used to predict the consequences of changes in the cadm um
level in the food supply. A sophisticated pharmacoki netic approach is the ngjor
enphasi s of this group.



- 24-

The inhal ati on toxicol ogy program al so enphasi zes sophi sti cated pharnmaco-
kinetics. As with nany inhalation studies, dosinetry across species is a mmjor
concern. The Agency's investigators have devel oped ozone dosinetry nodels to
simul ate | ocal absorption of ozone in the lower respiratory tract. Thus far
dose delivery to the Iung has been enphasi zed. The program has consi dered | oca
di stribution and nmetabolismof chenicals and plans to conbi ne pul nonary
dosi netry nodel s wi th pharmacoki netic nodels for extrapul nonary dosinetry.

The toxicity mechanisms programattenpts to quantify and predict toxicity
t hrough structure-activity relationships in fish. This project does not
enphasi ze toxi cokinetic paraneters. The conparative toxicol ogy program al so
concentrates on fish nodels, particularly extrapolation fromfish to higher
vertebrates. The program conpares the pharmacokinetic relationships of
di fferent species. Although specific pharnmacokinetic procedures are not
presented in any detail, an excellent opportunity exists for collaborative
research between these two groups.

The program on genetic risk of chem cal nutagens at environmental |evels
devel ops micro-techni ques for the detection of trace nutagens. Such work neces-
sarily involves sone consideration of drug netabolismand drug distribution
Dosi metry net hodol ogy will be used to study the sensitivity of devel oping germ
cells to possible nutagens. Although the briefing docunent presents few nethod-
ol ogical details, this program appears to be heavily involved in mcro-toxico-
ki netics.

The program on systemic toxicants and chemical mnmixtures has devel oped
phar macoki netic data in humans, emphasizing the exposure pathol ogy and age of
the subjects. Pharmacokinetic nodels are being devel oped for extrapol ation
purposes, and their utilization in risk assessment is a nmmjor direction of EPA
research.

EPA shoul d devel op a systematic approach to pharnacokinetics across al
progranms of extrapol ation nodeling. The sophisticated approaches of a group
primarily involved in pharmacoki neti c nodeling need not be universally applied,
but an apparent |ack of conparability exists across progranms. |If the Agency
does support a programwi th a direct enphasis on pharnmacokinetics, that new
program can provi de support to the other programs and | ead the coordination
effort.

B. CARCI NOGENI CI TY ( MAMVALI AN)

At the tinme of the Subcommittee’s review ORD s carcinogenicity program has
three objectives related to extrapolation. These include: 1) devel opi ng nethods
using the results of short-termtests to detect and deternine the relative
potency of carcinogens; 2) examining the distribution of toxic substances and
nmetabolites (singly or in a mxture) in the human body and whether route of
adm nistration influences distribution; and 3) estimating the concentration of
cadmi umin the human body for various key organs, given estimtes of exposure.
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The val ue of the proposed research varies with the objective. For the
first objective, current estimtes of carcinogenic risk are largely based on
ani mal bi oassays. These experinents, which conpare the percentages of aninals
denonstrating cancer at two or nore exposed |levels, are costly and time-
consunmi ng, as they generally continue over nost of the |ifespan of the test
animal. Short-termtests, which could yield the sane information in much
less tinme for far less cost, would be i mensely useful to predict the car-
ci nogenicity of previously untested chem cals and m xtures. Different
formul ations of mxtures could not practically be tested using |long-term
ani mal bi oassays.

Three short-termin vivo bioassays will be studied. The class of genotoxic
chemicals to which each bioassay is sensitive will be determined by literature
review and experinent. The research will investigate the ability of the short-
term bi oassays, both individually and as a group, to rank substances according
to their carcinogenic potency. Potency neasures will be determ ned for short-
term tests singly and in conbination. These rankings will be conpared with
ranki ngs from |l ong-term bi oassays.

The Subcommittee recomends that the carcinogenicity program eval uate the
short-termtests in terms of both sensitivity and specificity. This objective
requires a know edge of both false positive and fal se negative outcones, if a
short-termtest is to be useful. Hence, non-carcinogens of various chem cal
cl asses should be tested as well. The tests should be perforned in conbination
with a larger set of short-termtests than the three under study. Three
different short-termin vivo bioassays are to be used to discrimnate
carci nogens from non-carci nogens and to estimate relative activity. This
di scrim nation can be nmade statistically, but it is probably best to test for
discrimnation with each bioassay separately.

Simlarly, long-term bioassay data fromrats and nice probably should not
be conbi ned because these species often differ in potency for the sane
substance. In sonme cases, a substance is positive in one species but not the
other, or has only been tested in one species. Conparisons may have to be nade
anmong substances within one species, rather than by conbining data from
different species. There is a |large data base ("TD50") of tumpr incidence data

in different species that m ght be useful. What organs and tunors will be used
to determ ne potency in long term bioassays? The Subcomm ttee suggests that in
some situations the carcinogenicity programw |l inadvertantly test

si mul taneously for extrapol ati on between organ sites or pathol ogi cal endpoints.
Potency differs substantially across organs and tumor types. For exanple, wll
the results fromthe nmouse | ung adenona bi oassay be expected to correlate with
cancer in mce at any site? The Subcommittee did not understand how the potency
of conplex mixtures will be determ ned.

For the second objective, studies of the distribution of toxic materials
are useful because experinental data often exist only for one route of exposure.
It is not clear howto use the results froma feeding study to estimte risks
associated with inhalati on exposure. The results fromthis study could help the
Agency extrapol ate better between routes of adm nistration. G ven the higher
costs and greater experinental difficulty of inhalation experinments, the
carcinogenicity program nm ght consider substituting feeding bi oassays, where
possi bl e.
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The Subconmittee reconmends that the carcinogenicity program perform
sel ected experinents on species other than the rat to see if the rat results
extrapol ate to other species. The U S. Air Force has devel oped physiol ogi ca
phar macoki netic nodels for several hal ocarbon solvents that are well-validated
by experinental data. The carcinogenicity program should consult these nodels
to ensure that no duplication of effort occurs and that the data are gathered at
dose levels that will provide the greatest amount of information about
phar macoki netic vari abl es.

For the third objective, a risk assessnment for cadmumw || be nore accurate
if it considers the delivered dose of a toxicant at the site of toxicity rather
than the dose adninistered in an experinent. There also is a need to exam ne
the influence of dosing pattern (for exanple, continuous versus intermttent)
and variability of human response for a given |level of exposure.

Phar macoki neti ¢ nodel s and data can hel p resol ve these issues. The SAB

Envi ronnental Health Committee has commented on the problem of deposition and
absorption of cadmium particles in the lung in a separate report of Decenber 5,
1984.

The carcinogenicity programplans to forrmul ate a physi ol ogi ca
phar macoki neti c nodel for cadm umin humans. Probability distributions for the

nodel i nput variables and paraneters will be derived enpirically. The initia
application of the systemw |l be for cadm umingestion. Exposure distributions
will be entered into the systenms to predict the popul ation frequency

di stributions of accumul ated cadmi umin key organs, such as renal cortex.
ORD s carcinogenicity programis, in general, well-defined. However,
specific elenents of the program are not of equal inportance and it is unclear

how t he el ements were sel ect ed.

C.  MJTAGENI CI TY

ORD presented two prograns in genetic toxicology, both with severa
projects, that are primarily oriented to nmutagenicity as an endpoint. Mich
of the work in this programalso will provide useful results for the carcino-
genicity program However, the Subcomrittee agrees that nutagenicity is an
appropriate toxicol ogi cal endpoint of concern for EPA.

The program uses the parall el ogram net hod extensively. |In one project,
the investigators extrapol ate genotoxicity data fromin vitro (rodent and
human cells) to in vivo levels of cellular organization (rodents; humans, if
data are available). This approach will be useful to regulatory prograns
when human in vivo data are not available. This method has been used under a
nunber of different nanmes, as various investigators have tried to apply the
results of short-termtests to the prediction of genetic and carcinogenic
hazards. The approach outlined in this proposal is useful and has been used
successfully in other |aboratories. For exanple, the parall el ogram net hod
was applied to use frequency of chronmpsone aberrations in blood | ynphocytes
of mice and humans exposed to radiation to establish a usable ratio between
the sl opes of the dose-response relationshi ps between the two speci es.

These types of studies have enabled investigators to predict the frequency of
aberrations that would be produced in humans and the genetic risk for humans
exposed to ionizing radiation
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The next major step involves using the parallelogram approach with data
for which the dose-response relationships in animls and humans have been
devel oped, to define the dose at the cellular and nolecular level. This is
relatively sinple to do in the case of ionizing radiation, where extensive
theoretical work exists on the dose-response rel ationships, the dose is
wel | -defined and the response can be readily neasured. For chem cals, however,
only the exposure is known, dose-response relationships are poorly understood
and what happens at the cellular and nol ecul ar |evel nust be investigated
carefully before the parall el ogram approach will be useful. For exanple, the
concentration to which the intact animal, cell, or human is exposed nay have
very little relationship to the actual biological dose to the target tissue,
target cell or target nolecule. The investigators need to identify adducts in
the target tissue followi ng chem cal exposure. Quantification of adducts wil|l
insure that nore appropriate dose-response rel ationships are utilized in the
paral | el ogram approach. It is evident fromthe literature that chenica
exposure will result in many different kinds of adducts and not all of them
may be responsible for the toxic effects of interest. A very inportant
question that needs to be addressed is what |evel of adduct formation actually
is harnmful. |Is there a threshold | evel of adduct formation bel ow which no
toxic effect will be observed?

The Subcommittee concludes that a major problemin the approach outlined is
that the investigators propose, for the nost part, to neasure only changes at
the level of the chronmpbsone. Many chemicals are not potent clastogens but do
cause point nutations. |In contrast, radiation is a relatively potent clastogen
but a poor inducer of point nutations. Mst of the radiation induced nmutations
seemto be the result of chronobsone del etions and not point nutations. The
i nvestigators should be encouraged to use other endpoints for the approach
to be conplete for the other chemicals under study.

The approach used with cycl ophosphanide is to use the biological response
(i.e., induction of sister chromatid exchange) as a neasure of real dose and
conpare the | evel of exposure needed to double the response in both human
and ani mal systens. This approach may hel p in understanding if the exposure
concentration has a sinple relationship to the ambunt of biol ogical damge
observed. However, it has been denonstrated for sone chenmicals that the
exposure, degree of interaction with DNA and the biol ogical response are not
wel |l -rel ated, especially when dose-rate changes. The investigators seemto
understand t hese probl ens and should be encouraged to del ve deeper into the
rel ati onshi p between chem cal dosinetry and biol ogical effects.

VWiile it is not explicitly stated, it should be clear that the investigators
understand that their efforts are directed toward understandi ng exposure
(dose) - response relationships. A key to this work is to make sure that
dose-to-target-tissue is investigated. Wile the work with peripheral bl ood
| ynphocytes is appropriate for ionizing radiation, the investigators need to
be careful in using chromosonme aberrations in peripheral blood | ynphocytes
foll owi ng exposure to chem cals. Although these data will indicate target
ti ssue dose better in sonme situations, in the extreme case danmage to periphera
bl ood | ynmphocytes coul d occur that has no relationship to specific damage in
a different target tissue. The investigators need first to establish, for a
substance, what the relationship is between "dose" as measured in periphera
bl ood | ynmphocytes and "dose" to target tissues.
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One of the major criticisnms the Subcommittee has with the programis
that the investigators are relating their studies to the parall el ogram
concept for human health effects. VWhile the parallel ogram approach is
useful for specific lesions or endpoints (e.g., sister chromatid exchange or
adduct formation), the Subconmi ttee questi ons whether the results from ex-
trapol ati ons based on the parallel ogram nodel will be useful in predicting
adverse human health effects. ORD did not state how chronosone aberrations
or adduct formation relates to human risk. For exanple, once all the relation-
ships are el ucidated between animal and man in ternms of genetic damage, how
will this infornmation be used to predict the toxic potential of a conpound
to peopl e?

The parall el ogram concept, as developed within this program needs to
be tested statistically. |In particular, the assunption of linearity should
be examined. ORD has scattered data for gamma radiation in vitro in humans,
and fitting a dose-response nodel to such data is questionable. The investi-
gators may need to increase the sanple size since the nunber of dicentrics
per cell seemed low. They mght also utilize nmeasures of potency that are
nore robust than the estimate of the linear coefficient in the nodel for
ganma radiation. |Is the applicability of the parallel ogram concept for
genetic toxicity being tested with different species of rodents? Wat neasure
of potency is best to use? (The doubling dose?) The investigators sonetines
use the linear coefficient fromthe nulti-stage nodel instead. It was not
cl ear what neasures of potency and dose were used for studies of periphera
bl ood | ynmphocytes in nice. Repeated experinments may be required to test the
par al | el ogram concept, and the investigators should determ ne how nmuch testing
is required to give estimates within a prescribed degree of accuracy.

The practice of pooling data is open to criticismsince conditions are
never constant across different experinents. How would the results conpare
if the studies were used separately to estimate the nodel ? Since extrapol ation
constants varied with dose (but were simlar for the correspondi ng sides of
the parallelogram, how will one predict human in vivo response for doses
not tested?

Even while recognizing the difficulties involved, the Subcomittee
recomends that the investigators address conplex chem cal mxtures. Wile
informati on on single chemcals or radiation is very useful for the
paral | el ogram approach to genetic toxicity, the Subconmm ttee questions whet her
this approach will apply to exposure to conplex m xtures. Humans are exposed to
m xtures of chenicals, each of which may have toxic potential

The mnut agenicity program has another project that will use animl data
in which the exposure |levels of nmutagens are high and the incidence of nutagenic
effects can be observed in small groups of animals to extrapolate to the
| ower mutagen doses to which humans are typically exposed. The aninmals wll
receive a wide range of exposures. This is an inportant area of research
on high to | ow dose extrapol ation which, in this program appears to focus on
genetic risk rather than on carcinogenic risk. Mich of the conceptual approach
however, applies just as well to the problem of carcinogens that act by
chemically nodi fying DNA. The approach that the investigators are using is
appropriate and should yield valuable information for use in extrapol ation
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The Subconmittee believes that another inportant aspect of this program
is research directed toward devel opi ng nethods to detect very | ow DNA adduct
| evel s. The investigators should be encouraged to continue these |ines of
research since exposures to | ow concentrations of a toxicant will probably
result in very low levels of DNA nodification. The Subconmittee was pl eased
to see that the investigators realize the utility of this approach for inves-
tigations of conplex chem cal m xtures.

The nmutagenicity progamw ||l have to overcone sone obstacles. A nodel
devel opnent problem exists in incorporating the | ow dose data into a dose-
response curve since |linear extrapolation does not fit the data well. It
woul d appear that the enbedded probl em of species-to-species extrapol ation
remai ns. The Subcommittee does not understand the extent to which dose rate
will affect the interpretation

This nmutagenicity programwi thin the Office of Health Research can make
useful contributions to extrapol ation nodeling, but the Subconmmttee had a
difficult time understanding fromthe briefing docunent and oral presentations
where the programis going in the future or howit related to other efforts
el sewhere. The Subcommittee also had difficulity trying to determne if the
approach is going to be sufficiently unique that it will add understandi ng
to the mechani sns of damage from chemicals and radi ati on. Such understanding
woul d facilitate maki ng the | arge extrapol ation junps between radiation and
chem cals, between in vitro and in vivo neasurenents of genetic damage and
bet ween ani mal data and man

D.  NON-1 ONI ZI NG RADI ATI ON

Non-ioni zing radiation is discussed on four pages of the ORD briefing
docunent. The Subcommittee also reviewed recent reports by other SAB panels
concerning non-ionizing radiation and interviewed experts in the field,

i ncl udi ng the SAB panel chairnen.

The first of these reports (January 31, 1984) is a review of a major
EPA ri sk assessnent source document, Biological Effects of Radi of requency
Radi ati on. The SAB Biol ogi cal Effects of Radi of requency Radi ati on Subcom
mttee noted that a considerable portion of the scientific results reported in
the assessnent originated from EPA's own | aboratories, and it urged that the
EPA research program be mai ntai ned. A nunber of research topics were suggested
as potentially significant for future decision nmaking, including the effects
of chronic versus acute exposures, partial body versus whol e body exposures,
and eval uation of the thernoregul atory capability and conconitant physiol ogica
processes of various popul ati ons exposed under extreme environmental conditions.
The SAB Radi ati on Advisory Comrittee prepared a letter report on April 26,
1985 to restate the sanme |list of research topics, stressing the potentia
i nportance of these topics for future EPA decisions.

Previous SAB reviews directed at this area have endorsed the quality
and the appropriateness of the research work. The work of Spiegel and
coworkers is explicitly sunmarized on pages 4-38 to 4-44 of EPA's assessnent
docunent. The main directions of EPA s subsequent research, extension of

1 R J. Spiegel, D.M Deffenbaugh, and J.E. Mann, "A Thernmal Model of
t he Human Body Exposed to an El ectromagnetic Field," Bioelectromgnetics
1 (1980) pp. 253-270.
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the heat transfer nodel to three di nensions and the validation of the therm
calcul ations using data from suitable experinmental aninmals, are al so delineated
in this docunent on pages 4-45 and 4-46. Wile the discussion in EPA s ex-
trapol ati on nodels briefing document of the notivation for this research

m ght be inproved, it essentially addresses research needs identified in the
EPA radi of requency assessnent docunent and the two SAB letter reports.

The di scussion of "Future Directions" on page 7 of the briefing document
could be inproved considerably by recognizing that the goal of the effort is
not just a nodel with a given nunber of cells but insight into the adverse
physi ol ogi cal effects in humans as a result of elevated tenperature induced
by radi ofrequency heating. |If the |largest energy deposition occurs in the
neck and | ower head areas, |leading to a tenperature increase of approxi mately
3° C at levels of radiation currently accepted as safe, what physiol ogica
i npacts does tenperature increase inply? Wat organs or sensitive tissues could
be affected? |In refining the nodel, it would seem appropriate to achieve a
finer resolution (by using smaller cells) for the neck, |ower head, and ot her
areas of the body where |arge tenperature increases may occur, and to use
| arger cells elsewhere. In this fashion, it may be possible to achieve high
resolution for assessing the physiological effects of potential regulatory
signi ficance wi thout the extensive conputational resources needed to use
smal |l cells throughout the body.

In many areas of toxicology, risk assessors estinmate human response by
using the results of the nost sensitive anong small |aboratory animal species
that can be tested at | ow cost, and by scaling the dose fromanimal to human
using a sinmple mathematical formula. For non-ionizing radiation this approach
m ght underestimate the extent of adverse human response. Mbre accurate
net hods have been devel oped based on an understandi ng of the biologica
mechani sns i nvol ved and how they differ anbng species. As our understanding
of biological mechani sns advances, it will be appropriate to apply this
nodel i ng approach to other types of toxic agents as well

The non-ionizing radiation extrapolation efforts appear to fit previously
cited needs. More attention, however, might be given to the significance of
physi ol ogi cal effects predicted in humans as well as the validity of these
predi ctions for humans.

E. COVPARATI VE TOXI COLOGY

The Subcommittee recomends that ORD conduct nore of the type of work
reported as conparative toxicology and as structure-activity rel ationships
among toxicants. It is in these areas of fundamental research where a good
potential exists for discovering answers to the applied questions posed by
ext rapol ati on nodel i ng.

The effort in conparative toxicology is inportant to the devel opnent of
the structure-activity relationship concept at EPA. It is clear that different
speci es do exhibit different tolerances to a given toxicant. |Is it not pos-
sible, then, that sone species may have evol ved nmechani sns for the anelioration
of the effect of a toxicant or group of toxicants? Ildentifying these nechanisns
anong species is a logical step in building the enpirical base to 1) test
the structure-activity rel ati onshi ps hypothesis, and 2) initially build
extrapol ati on nodel s.
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Al t hough the research generally is noving in a logical direction, it
is open to sone criticism The briefing docunment inplies that an understanding
of the underlying control nechanisns and nore conplete nodels will somehow
result fromthe data to be collected, but ORD needs to explain the | ogic and
procedures by which this synthesis will be acconplished. The 10 by 10 matri x
testing regine designed to test the sensitivity between diverse taxononic
groups nay yield disappointing results if the group relies solely on mgjor
t axonom ¢ groupi ngs (genera, fam lies, orders) as the distinction anong
speci es. The nodel should depend on the properties of the organic agent and
the species tested. It is not clear that an effective target dose in one
speci es woul d predict another species because the target organ may differ by
speci es. Taxononic classification is a history of origins and not necessarily
of environmental experience. Sufficient exanples of evolutionary divergence
exist within fam|lies and genera to cast doubt on a schenme that uses either
famlies or genera as a category of species classification for the purposes
of determining sensitivity relationships. The fanily Cyprinidae, for exanple,
contains species that vary in sensitivity' to a toxicant by several orders of
magni tude. The effort would be better served with a matrix that considers
classification of organi sns based on environnental experience rather than
taxonom ¢ rel ationshi ps.

In summary, current efforts are reasonably well conceived, but m ght
be i nmproved by placing nore enphasis on environmental experience rather than
taxonom ¢ rel ationships in devel oping the research agenda.

F.  NEUROTOXI COLOGY

Neur ot oxi cology is at a stage as a research field where the enphasis is
on establishing and validating nmethods for detecting and neasuring the
consequences of chemical insults to the nervous system ORD s neurotoxicol ogy
program has concentrated its efforts on devel oping rat nodels for determnning
the effects of potential toxins on behavior, neurochemn stry and neuropathol ogy.
The neur ot oxi col ogy programthen attenpts to validate the animal nodel by
conparing the rat data with that available from humans, with a particul ar
i nterest on behavioral neasures since behavioral paranmeters can be neasured
non-invasively in man.

The neur ot oxi col ogy program has performed an excellent job in devel oping
nmet hods and procedures for measuring neurobehavioral toxicity. The devel op-
ment of the neurotoxic esterase assay as a neasure of delayed neurotoxicity
produced by organophosphate insecticides should have an i nmedi ate i npact
on regul atory processes, as it should allow for replacenent of the hen test
with the conventional rat nodel in use for nost other types of regulatory
testing of agricultural pesticides.

The approach of the neurotoxicology program has been to junp directly
fromthe rat to man for nodel validation. Although man does represent the
ultimate validation, the programnmay be relying too heavily on the rat
nodel . The Subconmittee recommends that the neurotoxicol ogy program pl ace
a greater enphasis on cross-species conparisons (allonetry). Another area
where the neurotoxicol ogy program coul d use additional enphasis is pharnaco-
ki netics. The general needs for the devel opnent of pharmacokinetic capability
in ORD are docunented el sewhere in this report. The use of pharmacokinetic
data as possi bl e expl anations for species differences in neurobehavioral
responses to chemcal insult could be of great benefit to this research group
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Menmbers of the SAB Environmental Health Conm ttee have previously
poi nted out that sone neurotoxic effects clearly do not occur in relation
to blood | evels of the neurotoxic agent. (See, for exanple, comments on the
dri nki ng water health advisory for acrylam de.) For sone substances of
envi ronnental concern, processes in nervous tissue are of greater apparent
i mportance as deternminants of human toxicity than tissue dose. Such exanples
are of great inportance in setting limts on the utility of pharmacokinetic
anal ysis for risk assessnent.

The groups of investigators within the neurotoxicol ogy program appear
to coordinate well, and they study the sane chenmicals under nearly identica
conditions. The quality of the research is uniformy high. |Indeed, the
research group at EPA is widely recogni zed as being a | eadi ng neurobehaviora
t oxi col ogy group in the country.

The neur ot oxi col ogy program has been concentrating on the effects of
neur ot oxi ns on sensory, nmotor and cognitive processes and the nol ecul ar
mechani sms underlying these effects. 1n sensory systems, the neurotoxicol ogy
program has taken the approach of devel oping rapid el ectrophysiol ogi cal and
behavi oral nethods for neasuring effects of chemicals on the visual and
auditory systenms. They have used the pattern-reversal -evoked potentia
(PREP) as a model for studying visual acuity in the rat and the brain-stem
audi tory-evoked-response (BSAER) as a nodel for studying auditory thresholds
inthe rat. At a nmechanistic level, the effects of specific |lesions in
the visual systemon the PREP and the effects of cochlear |esions produced
by known ot otoxicants on the BSAER are being studied wi th neuropathol ogy
observations made in the sanme aninals.

Wth respect to cognitive function, the enphasis is on behavi or neasures.
A mcroprocessor-based systemfor use in field studies of human cognitive
function, as well as sensory-notor function, has been devel oped, although not
yet used to nmeasure cognitive function in toxi cant exposed humans. Most of
the other studies involve animl nodels. These nodels include place |earning,
flavor aversions and operant conditioning procedures. The program has
enphasi zed conpari sons across these behavioral neasurenents, with conparisons of
ani mal responses with human responses given special attention. Future
devel opnents in this area will focus on the devel opnment of additional |earning
and nenory tasks in aninmals, with special enphasis directed toward those tasks
whi ch can be studied in animals and humans under conparabl e conditi ons.

On a nechanistic level, research is conducted relating to the neurochenica
and neuropat hol ogi cal basis of functional changes produced by toxic chemicals.
One such effort involves determ nation of the extent to which nervous system
speci fic proteins can be used as bi ochenical nmarkers of neurotoxicity. Animals
are being exposed to known neurotoxins, and the effects on nervous system
specific proteins are measured by bi ochem cal and radi oi nmunoassays.

Prelim nary data suggest that these proteins predict the cytopathol ogica
changes associated with toxi cant exposure and that they may ultimtely be
sensitive and accurate predictors of human neurotoxicity.

Anot her nechani stic approach concentrates on neurotoxic esterase and
its involvment with the del ayed neurotoxicity produced by organophosphorous
conpounds. The degree of inhibition of this esterase is highly predictive
of the synptonms of del ayed neuropat hol ogy produced by these conpounds, and
ORD i s suggesting the nmeasurenent of the enzynme inhibition as a replacenent



-33-

for the hen test currently used within the Ofice of Pesticides and Toxic
Substances. The advantage of replacing the hen test includes the opportunity
to incorporate the enzynme inhibition test into conventional rodent toxicity
test protocols.

The future directions of the research programinclude: 1) a focus
on cross-species extrapol ati on of sensory test procedures, particularly to
humans; 2) the use of the mcro-processor based systemfor field studies in
humans; 3) the devel opnent of |earning and nenory tasks in animals that can
be directly conpared with human tasks; and 4) further refinement of the
cellular and nol ecul ar studi es on nervous system specific proteins.
The briefing docunent notes that the neurotoxicol ogy program has
concentrated on the effects of chemnmicals on nmotor behavior, in addition to
effects on sensory and cognitive processes, but the results of the experinents
on notor behavi or are not discussed, nor are the directions of future research
in these areas. Sone of the issues that may be rel evant to discuss include:
1) How is notor function assessed in animal and/or human nodel s? 2) Are
nol ecul ar tests being devel oped to study the mechani sms underlying changes in
cognitive functions in animl nodels? 3) What species are used to meke
neurotoxicity conpari sons? How do |aboratories approach the probl em of
extrapol ation across species with respect to neurotoxicity? 4) Measuring the
i nhibition of neurotoxic esterase inhibition and nervous systemspecific
proteins are very specific nmechanistic tests. Are other types of nechani snms
pl anned for future study, and if so, which ones? 5) Do the cross species
conparisons really involve simlar processes or only anal agous processes?
6) Is there any attenpt to study pharmacoki netic paraneters of different
neur ot oxi ns? Do species differences perhaps depend on different netabolic
pat hways in different species, or differences in drug delivery? Wuld dose-
-nodel i ng studi es be appropriate in making species conparisons? 7) Does an
adequate collection of baseline data exist in nontoxicant exposed humans to
val idate the use of the mcro-processor systemin "normal humans" before
studi es begin on toxicant exposed popul ations? 8) |Is the neurotoxicol ogy
program exam ni ng probl ems of acute versus chronic exposure, and reversible
versus irreversi ble changes? 9) If bioassays of nervous system specific
proteins are to serve as predictors of neurotoxicity in humans, a nodel for
extrapol ati on from ani mal s woul d appear to be necessary. 10) How will the
hypot hesi s that nervous systemspecific proteins are sensitive indicators be
tested? How will prediction be acconplished? 11) How is the test for assessing
visual acuity in rats to be extrapolated to hunans?

G SYSTEM C TOXICI TY

The purpose of the systemic toxicants programis to develop the
assunptions, appropriate nodifications and, when necessary, new approaches to
ri sk assessnent for system c (non-carcinogenic) toxicants including chen ca
m xtures. The approach proposed recognizes the need to take into account
both theory and reasonabl e assunpti ons, and enphasi zes the inportance of
under st andi ng the nmechani sm of toxic action in the test systemrelative to
the expected outcone in humans. The staff plans to evaluate the conponent
parts of the various existing extrapolation nodels and nmake revisions or
produce new nmethods. |f new methods evolve, the staff plans to test and
eval uate the newly proposed nethod. Among the tools enployed will be
literature searches, data base creation, scientific workshops and synposi a.
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The follow ng specific projects are proposed: 1) an assessnent of the
reliability of animal data for predicting human risk; 2) a statistical nodel
for species extrapolation using categorical response data; 3) estimation of
the inmpact of human inter-individual variability of humans on response to
toxi ¢ substances; 4) pharmacoki netic nethods for inproved estinmation of
effective dose; 5) devel opnent of quantitative nethods to assess toxicity of
chem cal nmixtures; 6) devel opnent of a severity-of-the-effects ranking
schene; 7) devel opment of reference values for risk assessment; and 8) study of
dose duration associations: extrapol ation and interpol ation procedures.

Most of these projects are in the formative stages. However, a nunber of
speci fic exanples of research products are cited to indicate progress.

The Subconmittee found the | ack of connections between the excellent
prograns in neurotoxicology, inhalation toxicology and devel opnental bi ol ogy
and the systenic toxicology programparticularly frustrating, since the fornmer
subj ects are conponents of systematic toxicology. Certain organ systens,
such as the liver and kidney, receive no attention in ORD s plan. Utimtely,
work in this area may |l ead to the devel opment of new risk assessment guidelines.
This is an additional reason to establish stronger |inkages between the systenic
t oxi col ogy program and other | aboratory programs to provide research coverage
of all nmjor organ systens.

The Subcommittee recomrends that the program use specific chemcals as
exanples to explore the proposed techniques. At the tinme of the Subconmittee's
revi ew nmeeting, the work was not sufficiently applied nor specific to fully
eval uate research progress or to contribute to needed risk assessments on
i mportant probl ens.

H. 1 NHALATI ON TOXI COLOGY

The objective of the inhalation toxicology programis to inprove the
gquantitative extrapol ati on of inhal ed, airborne toxicants, primarily criteria
air pollutants, to pulnonary effects. This objective allows the direct use
of animal inhalation toxicity data in risk assessnents by devel opi ng
guantitative cross-species interrelationships. To this end, the inhalation
t oxi col ogy program seeks to examine two paraneters that are needed to devel op
such rel ationshi ps, nanmely dosinmetry and species sensitivity, as well as to
provi de judgnents as to those specific health effects which nerit extrapol ation

The goal of the dosinetry studies is to deternine dose to target sites.
The approach enployed is the devel opnment of mathematical nodels, for both
gases and particles, which incorporate paraneters of lung structure and
physi ol ogy as well as the specific properties of the toxicant of interest.
These nodels will be used to predict dose by region within the respiratory
tract.

Current work on gas dosinetry is ainmed at predicting the |ocal absorption
of O3 in the lower respiratory tract of experimental animls and humans;

defining the reactions of NO, follow ng deposition in the lung; refining
know edge on the conposition of nmucus in aninmals and humans so as to inprove
estimates of oxidant reactivity; and determ ning the renoval of Oz in the

upper respiratory tract so as to provide nore accurate input into the |ower
respiratory tract nodel.
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For particle dosimetry, the programis buil ding nathemati cal nodels
to predict the deposition of hygroscopic particles. These will be tested hy
studyi ng the deposition of both hygroscopic and nonhygroscopic particles in
humans. Deposition is also examined in casts of the respiratory tract of
experinmental animls and humans, including children. Lung norphonetric
anal yses are performed to refine this essential conponent of a dosinetry
nodel .

The stated aimof the particle dosinetry studies is to assess the regiona
deposition of chronically inhaled particles. It is, however, not clear how
the studies outlined in this area address this issue. They appear to be
ai med solely at studying sites of particle deposition in nodel systens which
will provide inportant input into the devel opnent of enpirical nodels.

It is inmportant that the inhalation toxicology program make full use of
the avail able data base in the particle deposition area and design studies
that will conplenent rather than repeat those already preforned. For exanple
data are needed on the deposition pattern of ultrafine particles (<0.1 um,
and this could be obtained both in cast systems and in vivo. In addition,

t hese deposition studies should be conducted in experinmental animals to
expand the data base to allow dose extrapolation in this inportant anbient
particle size range.

If the data are available to perform extrapol ation of delivered dose of
i nsoluble particles fromanimls to nan, a need exists for a greater nodeling
effort. The program assunmes a sinple linear relationship but should verify
the fit to data statistically. A poor fit will suggest that further efforts
to devel op an appropriate nodel are needed; data anal yse alone will not
suffice.

The goal of the species sensitivity studies is to exam ne interspecies
differences in sensitivity to equival ent toxicant doses, and to quantitate
these differences. To these ends, various approaches are used, largely
enpl oying three test materials: Oz, phosgene, and cadm um Specific studies
i nclude: exami ning pul nonary macrophages after both in vitro or in vivo
exposures; in vitro exposures of respiratory tissues for conparison to in
vi vo exposures; assessnment of effects of phosgene inhalation in various
speci es over a range of exposure concentrations; comparison of acute pul nonary
function responses to Oz in various species; determnation of the concentration
response relationsip for Oz induced alterations in alveolar epithelial per-

meabi lity; and assessnment of the effects of oxidant gases upon coll agen
met abol i sm and turnover.

The projects concerned with deternining species sensitivity do not
seemto be as integrated, or as consistently relevant, as those in the dosinetry
area. EPA staff have chosen various test endpoints, but the Subconmmittee
guestions the rel evance of sonme in the total picture of the program
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Anot her area of critical inmportance in extrapolation nodeling which does
not appear to be addressed in the inhalation toxicology programis analysis of
i nterspecies clearance rates, both short-term i.e., nucociliary clearance,
and longer-term alveolar clearance. EPA should conduct these analyses in a
nmet hodol ogi cal Iy consistent manner to allow direct extrapol ati on between
speci es.

It is not clear how the study involving in vitro exposure of human
respiratory tissues will aid in extrapolation nodeling. Although it is
anticipated that results in vitro will be conpared with results obtained in
vivo, the inmportance of this project needs to be clarified. Unlike the
area of macrophage biol ogy where there is a |arge data base on in vitro
exposures, which should be scaled to allow extrapol ation of in vivo effects,
there are few systens using respiratory tissue in culture, and the procedure
is not amenable to wi despread use.

Al so unclear is the inportance of the studies of phosgene sensitivity,
especially since any scaling factors for this material are to be likely
different than those for other gases, such as Oz itself. The briefing

docunent does clearly state how results with phosgene will help the
i nhal ati on toxicology programin the extrapolation nodeling of critica
anbi ent pollutants.

Anot her study is ainmed at assessing collagen turnover and netabolism
in humans and experinental animals. This is inportant in assessing the role
of air pollutants in producing fibrotic lung disease, and will all ow devel op-
ment of a scale of the sensitivity of various species to this inportant
ef fect of oxidant pollutants.

The construction of an integrated dosinetric biological nodel for hazard
assessnment is an inportant step in providing accurate, up-to-date and state-
of -the-art extrapol ati on nethods for anbient toxicants. It will, hopefully,
facilitate better use of existing experinmental aninmal toxicologic data and
new data in the standard-setting process.

The inhal ation toxicol ogy program has addressed an inportant issue for
which there are few avail abl e data, nanely deposition and norphometry in
children's lungs. This is a critical activity since children may receive a
greater dose for an equival ent exposure |evel than adults. These studies
shoul d be performed with nodels of |ungs of other sensitive popul ations--for
exanpl e, persons with chronic |ung disease.

The inhal ation toxicology programis scientifically sound and is addres-
sing critical issues in extrapol ation nodeling. The dosinetry studies are
systemically exanm ning inportant pollutants to provide accurate interspecies
regi onal dose estimates. Sensitivity analyses with the nodels devel oped can
be used to guide further experimental work effectively. However, the species
sensitivity aspect of the programis not as well focused, and appears not to
be addressing some inportant points, while enphasizing sone that may not be
critical to extrapolation nodels. Sone refinenment is needed on determ ning
t hose endpoints which are of health significance.
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I . REPRODUCTI VE AND DEVELOPMENTAL EFFECTS

The objectives of the devel opnental biology programare to establish
means for risk extrapolation to humans from data obtai ned under experi mental
| aboratory conditions. The program addresses a w de range of potentially
adverse effects on human reproducti on and devel opnent including effects on
fertility, pregnancy outcone, and |ong-term postnatal functional effects..
The program seeks to increase the sensitivity and specificity of reproductive
toxicity testing. Plans are incorporated in the programto develop nore
sensitive methodol ogi es able to detect |esions that cannot be identified
with the presently available testing techniques. There is a need to devel op
a nmet hodol ogy for risk assessnent in reproductive and devel opnental toxicol ogy.
However, plans for devel opi ng nethods for dermal absorption and reproductive
toxicity, although inportant toxicologically, do not seemto fit with the
pl an that attenpts to advance our know edge in these two areas of risk asses-
sment .

In teratol ogy response studies, the problem of general maternal toxicity
in the formation of birth defects is addressed. The issue is fundanentally
i mportant for identifying agents that produce devel opnental effects at
mat ernal |y toxi c exposure levels. |n any proposed nmethodol ogy for quantitative
ri sk assessnent, there nust be an eval uation of the dose-effect relationship
irrespective of the mechani sm(s) by which these effects occur. To assess
the role of maternal toxicity in the formation of birth defects is an inportant
objective, but it does not directly contribute to the devel opnment of a quanti -
tative risk assessnent nethodol ogy.

In presently available teratologic testing systens, a number of problens
are recognized: 1) a variety of organ systens are not eval uated because of
technical difficulties; and 2) for several effects with high background
incidence it is difficult to assess the exact toxicologic inportance. The
devel opnent al bi ol ogy program has approached these probl ens by assessing
any long-termsignificance of "non-teratogenic fetal toxicity" and by

t he postnatal evaluation of organ systens (e.g. renal, immune, and cardiac
functions) in the neonate. Beyond a few isolated studies of diverse
organ systenms, the only substantial literature of potential manifestations

of perinatal insult is of effect on paraneters sonewhat related to centra
nervous system function. Good, clear exanples of effects produced

in functional capacities at exposure |levels below those able to produce
other signs of altered in utero devel opment in Segnent Il evaluation are
not available. This topic nmerits further investigation.

The program supplies three approaches to the problem of interspecies
risk evaluation. The first approach is to develop in vitro sytens that
possess the metabolizing functions characteristic of different species,

i ncludi ng the human. The program plans to observe rodent in vitro enbryo
devel opnent in the presence of netabolizing systens which possess different
capacities characteristic of the different species. The aimis to enable
exam nation of the effects of hunman netabolites on the devel opi ng rodent
enbryo. This may be useful for a general understanding of the toxicologic
i mportance of same class of chemicals to the rodent enbryo devel opi ng

in vitro and for increasing our know edge of the relationship, if any,
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bet ween chemi cal structure and reproductive toxicity. The likelihood

that this type of approach will significantly contribute to the establishnent
of a quantitative reproductive risk assessnment nethodol ogy is nmeager.

By testing the effect of various metabolizing systems fromdifferent

speci es on the devel opnent of one species, this approach addresses the

i mportant problem of species difference in teratogenicity, but only
indirectly.

The second approach is to evaluate whether the A/D ratio (defined as
the ratio of the dose of a chem cal exerting adult toxicity to the dose that
causes devel opnental toxicity) is constant in different species. The A/D
ratio is an inportant observation for quantitative risk assessnent nethodol ogy.
The usual assunption is that the A/D ratio does not vary across speci es.
However, A/D ratio appears not to be constant across species, based on this
group's prelimnary studies. The ratio may need to be defined statistically,
as has been done el sewhere. For exanple, Ais the dose that is toxic to
percent x of the adults, and Dis the dose that is toxic to percent y of the
enbryos. Perhaps for the right choice of x and y, the ratio is constant
across species. The devel opnent of mathematical nodels for dose response in
animal studies is difficult because of the conplexity of the maternal -feta
systemand litter effects. This group is proceeding with the project

with outside consulting support, which is commendabl e.

Currently, the no-observed-effect-level plus margin-of-safety nmethod is
used for species extrapolation. The value of the A/D ratio work depends on
t he accuracy with which the biochemi cal |esions used are predictive of
t er at ogenesi s.

The third approach to interspecies risk evaluation is to use nol ecul ar
mar kers of teratogenic action (such as the formati on of DNA adducts by
al kyl ati ng agents, effects on nicrotubular function, or changes in biochem cal
pat hways) in order to extend the | ower neasurabl e bounds of the dose-response
curve. The devel opnmental biology program hopes that, by quantifying biochem ca
| esions which putatively precede teratogenic effects, it will be possible to
define the shape of the dose-response curve with actual data. This approach
is interesting, but it inplies that the detected biochenical abnormalities
are causally related or linked in some way to the teratogenic action. This
may not be a general rule since biochemcal |esions unrelated to teratologic
action are likely to be detected. This also assunes that the wi de spectrum
of teratogenic effects will have a commnality of biochem cal nechanisns,
which is an unlikely proposition.

In research on reproductive toxicol ogy, the devel oprmental biol ogy division
has three projects. The first is general reproductive effects extrapol ation
In an attenpt to increase the ability to extrapol ate between species, rats
and hanmsters exposed to a sel ected agent are followed wi th norphol ogi cal and
behavi oral tests from weani ng through puberty, breeding and gestation, up to
the FI generation.

The approach to endocrine and aging effects is to inplenment specific
neur oendocri ne neasures necessary to identify the mechani sns and/or the
sequence of events nediating the disruptive effects of toxic substances on
reproductive function in the young-adult-geriatric animal. At the sane tine,
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attenpts will be made to 1) identify mechanisnms reponsible for reproductive
agi ng, and 2) determ ne how age-rel ated changes alter the organisms risk
foll owi ng exposure to xenobiotics.

The effort on male reproductive function involves assessing testicul ar
function in animal nodels and humans in an attenpt to deterni ne whether
changes in the structure and function of the rodent reproductive tract
predi ct inpaired reproductive function in humans. These experinents include
nor phol ogi cal eval uations and an in vitro assessnent of the reproductive
functions and how exposure to various xenobiotics nodify them

The devel opnent al bi ol ogy program eval uates the difficulties inherent
in the extrapolation of animal data on skin absorption into the human situation
and has devel oped a nunber of interesting in vitro techniques.

The Subconmittee has a mi xed evaluation of the status of extrapol ation
nodel i ng for reproductive and devel opnental effects. Some of the work
is out of date, whereas other aspects are highly germai ne and abreast of the
contenporary devel opnents in devel opnmental biology as it relates to questions
of toxicity. The description in the briefing docunent consists of a series
of questions that apply toxologic questions to on-going research interests.
This enphasis is unfortunate and should be changed to address nore rel evant
guestions and techni ques needed to answer the nore inportant questions. The
devel opnent al bi ol ogy group needs an external, independent source of on-going
gui dance and review from senior scientists in the same field. The individua
scientists involved in the devel opnental biology group tend to be of high
cal i ber and notivation. The programnerits this attention, so that its
projects will becone less diffuse and not distracted from devel opi ng
extrapol ation nmodels. The group has adequate resources and, if directed
rat her than diffused, could have a significant inpact.
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VI. THE OVERALL FEDERAL RESEARCH EFFORT ON EXTRAPOLATI ON MODELI NG

Wt hout extrapolation, testing of chenmicals in |aboratory animals is
pointless. Gven the critical inportance of extrapolation, and the mllions
of dollars spent by the Federal research and regul atory agencies on toxicity
testing, it should be expected that nmmjor efforts are underway to devel op and
exam ne extrapol ati on net hods. EPA does not have a programthat focuses
directly on extrapol ati on met hod devel opnment and evaluation. 1In its place are
exciting research projects on toxicology tests and other efforts directed at
extrapol ation.

Thi s conclusion was also stated in a recent review of U S. research directed

at examning and inproving risk assessnent for carcinogens. The reviem?,
prepared by the Environ Corporation for the ILSI-Ri sk Science Institute,
concluded that less than 5 to 10 percent of the research budgets of institutions
involved in risk assessnment is directed at inproving nethods, including

extrapol ation. The bulk of the latter research is supported by EPA

Little overlap exists in the material surveyed by the ILSI-Ri sk Science
Institute and the present Subconmittee report. The former studied extramurally
funded research on extrapol ati on of carcinogenic effects by key institutions
t hroughout the entire U S., whereas the |latter revi ewed extrapol ati on of al
health effects only in intramurally funded work in EPA's ORD. However, both
groups' findings have sane remarkable simlarities. Both reviews conclude that
extrapol ation efforts are insufficiently funded and uneven with respect to the
particular scientific issues addressed. The ILSI-Ri sk Science Institute study
al so highlights the inportance of coordinating research efforts anong Federa
agenci es.

The National Academy of Science Comrittee on Institutional Means for
Assessnment of Risks to the Public Health listed fifty-nine "conponents" of risk
assessnment that mght be inproved. O these, the ILSI-Ri sk Science Institute
survey identified twelve studies that exam ne the relationship between
adm ni stered dose and target tissue dose, and seven that seek to identify
bi ol ogi cal markers of human exposure. Those are inportant extrapol ation
processes, and Section IV of the Subconmittee's review has di scussed nore
extrapol ati on processes that are also inportant. The ILSI-Ri sk Science
Institute found that no research was funded for twenty-seven conponents, and
only one study was underway for the remai nder

A. NON- ORD EXTRAPOLATI ON PROGRAMS | N EPA

Wil e research at EPA is focused in ORD, extrapol ation nodeling also occurs
in many of the regulatory offices. These include: 1) the Hazard Eval uation
Division within the Ofice of Pesticide Prograns; 2) the Health and
Environnental Review Division within the Ofice of Toxic Substances; and 3) the
Criteria and Standards Division within the Ofice of Drinking Water. Each group
uses such nmodels frequently to carry out their respective mssions. That ORD
requested a review of its own effort is |audable, but the onission of the non-
ORD scientific assessment activities fromthe current plan limts the useful ness
of the plan. Beyond the extranurally funded work that is nanaged by ORD, the
O fice of Toxic Substances has housed the "Gene-Tox" program which collates
wor | d-wi de data on

2 J.V. RODRICKS and C. ST. HILAIRE, Review of Current Research Activities
to Inprove Ri sk Assessnent and Identification of Major Gaps. Prepared for
the I1LSI-Ri sk Science Institute by Environ Corporation, Novenber 6, 1985.
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bi oassay nethods for many genetic endpoints and has work underway on structure-
activity relationships that has the potential to inprove the Agency's practice
of extrapol ation between simlar chem cal structures. The Ofice of Solid Waste
and Energency Response has a support contract with the Centers for Disease
Control. Oher exanples exist that would further denonstrate the necessity to
have an Agency-wi de pl an.

B. OIHER FEDERAL REGULATORY AGENCI ES

The need for extrapolation nodels is felt nobst strongly in regulatory
agencies. Therefore, they should provide the core | eadership, direction and
support for the Federal effort. At present, EPA appears to carry nost of the
responsi bility, although the Food and Drug Adm nistration has the support of the
Center for Food Safety and Applied Nutrition and the National Center for Toxico-
| ogi cal Research. To avoid unnecessary duplication and to utilize scare
resources optimally, EPA needs to coordinate its research planning with the
ot her Federal regul atory agencies.

C. OI'HER FEDERAL RESEARCH AGENCI ES

The Departnent of Energy and the Departnent of Health and Hunman Servi ces
support research on extrapol ati on nodeling. Wthin the Departnent of Health and
Human Servi ces a nunber of organizations are involved, including the Centers for
Di sease Control (the Center for Environmental Health, the Agency for Toxic
Subst ances and Di sease Registry) and the National Institute for GCccupationa
Safety and Health. The National Institutes of Health has several organizations
i nvol ved, especially the National Cancer Institute and the National Institute of
Environnmental Health Sciences. EPA' s research plans should explicitly take into
consideration the contributions of these agencies.
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EXECUTI VE SUMVARY

This briefing docunent was prepared by Ofice of Research and Devel -
opnent (ORD) staff to assist the EPA Science Advisory Board (SAB) in their
review of research in progress dealing with extrapol ati on of nonhuman | abora-
tory data to man. Various conponents of ORD research related to extrapol a-
tion are discussed. The findings and recomendati ons of the SAB will be
transmitted to the EPA Adnministrator and Assistant Adm nistrator

The overal |l extrapolation program consi ders the needs of the various
program of fi ces and research comm ttees. This docunent provi des an overvi ew
of the extrapol ation research projects in the Ofice of Health Research
(OHR), O fice of Environnental Processes and Effects Research (CEPER), and
O fice of Health and Environnental Assessnent (OHEA). Here, we describe
those el ements of the programthat relate to ngjor issues in extrapolation
research:

1. Extrapolation fromin vitro techiques to whole aninals.
2. Extrapolation of |aboratory aninmal data to humans.

3. Extrapolation of results from high dose exposure to | ow dose
(ambi ent) exposure.

4. Extrapolation of results fromacute or subchronic exposure to
conti nuous exposure/chronic effects.

The overall goal of the extrapolation research programis to provide a
signi ficant enhancenent of the scientific basis for risk assessnents based on
health effects data. Extrapolation of effects using data from ecosystens
species is also included in the research program Wth inproved extrapol a-
tion methods, nmmjor uncertainties in the health data bases can be better
resolved, leading to nore precise risk assessnments, thereby inproving risk
managenment judgnents. To these ends, ORD has devel oped a research plan
consistent with program office needs, research conmittee priorities, avail-

abl e expertise and resources, and state-of-the-art science. In further
support of this programthe Assistant Adm nistrator for ORD has recommended
an increase of 1.3 million dollars and 4.9 positions in the budget request

for FY 87. This represents partial funding of a large research initiative on
advanced nethods for extrapolation; a full description of the initiative may
be found in Volunme Il, Appendix |-8. The increase is designed to strengthen
ongoi ng efforts and to focus on areas which are in the forefront of scien-
tific know edge.

The research effort has built upon the recommendati ons of the Nationa
Acadeny of Sciences and needs defined in EPA criteria docunents, proposed
ri sk assessnent guidelines, and such reports as the NRC "Ri sk Assessnent
in the Federal Governnent: Mnaging the Process,”" and EPA's "Ri sk Assess-
ment and Managenent: Framework for Decision Making," as well as from various
programreviews. Interactions anong |aboratory scientists, program offices,
and research conmm ttees al so have been inportant to the devel opnent of the
overall program The programis designed to reduce uncertainties and inprove
the accuracy and precision of risk assessnents when sufficient human clinica
and epidem ol ogi cal data are not avail abl e.
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Neur ot oxi col ogy - Techni ques for extrapol ati on between sensory,
nmotor, and cognitive effects of high to | ow dose, acute to sub-
chronic, and cross species extrapol ation

Genetic Toxicology - Miutagenicity test battery for human hazard
estimation; nolecular dosinetry for conparative nutagenesis, car-
ci nogenesi s, and risk assessnent.

Carcinogenicity (Mammalian) - Statistical methods for estimating
carinogeni c potency of organics; utility of route to route extrapo-
lation in risk assessnment; predicted probability distributions of
ki dney cortex and urine cadm um | evels; mathematical sinulations

of pharmacokinetics of drinking water contani nants.

I nhal ati on Toxi col ogy - Conbining dosinetry and species sensitivity
data for quantitative extrapol ati on of aninmal toxicological results
to man. Efforts include devel oping theoretical nodels for gaseous
and particul ate deposition in man and ani mal s, nodel validation and
mechani stic studies, experinmental dosinetry studies, conparisons of
speci es sensitivity to oxidants, studies providing inproved input
data for interspecies conparisons .of delivered dose, etc.

Toxicity Mechanisns - This effort attenpts to predict toxicity of a
chenmical to fish on the basis of nolecular descriptors and chem -
cal properties. To do so a sequence of neasureabl e histol ogic,

bi ochemi cal , physi ol ogi cal, pharnacokinetic, and behavioral respon-
ses are neasured to define the acute node of toxic actions.

Conpar ative Toxicology - The objective of the programis to provide
the necessary toxicol ogical data to extrapol ate dose responses

bet ween invertebrates and | ower vertebrates and between | ower and
hi gher vertebrates (including man).

Genetic Risk of Chenmical Miutacens - This research programis de-
signed to provide a scientific basis for risk estinmates cal cul ated
by using extrapolations fromthe relatively high nutagen doses used
in animal nutation studies to the | ower nutagen doses associ at ed

wi th hunman exposures.

Systenic Toxi cants and Chemical M xtures - This program vali dates
ri sk assessnent assunptions, devel ops appropriate theoretical nod-
i fications, and when necessary, devel ops new approaches to risk
assessnents for system c (non-carcinogenic) toxicants and for nix-
tures of various chemicals presenting either carcinogenic or non-
carci nogeni c risks.
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I NTRODUCTI ON

A major goal of ORDis to inprove the scientific basis for extrapolation
which will enhance the precision of risk assessnents. Valid extrapolation
met hods are essential if EPAis to optimally utilize a highly diverse and
conpl ex health data base in nmaking risk assessnment decisions. The existing
health data bases for nobst chem cals have common problens: in vitro or aninma
data often strongly suggest potential human hazards, but it is humans who
must be protected, nost often by regulation of human exposure levels; health
data often exist for high doses, but toxicity resulting from anbi ent exposure
is not sufficiently quantified; and many experinments indicate a hazard from
acute exposure, but humans nmay be exposed chronically and experience a dif-
ferent degree or type of effect. Making such extrapol ations, as outlined
above, especially in a quantitative or sem -quantitative manner, i s exceed-

i ngly conmpl ex and not yet precise.

Mul tifaceted research approaches must be applied to account for the
i nherent conmplexities of the issues. Each key issue nmust be addressed at a
pace consistent with the state-of-the-art of a given issue. For exanple,
animal to man dosinetric extrapolation of inhaled chem cals needs to be
approached initially for sinple cases of chemicals not undergoing biotrans-
formation to gain basic understandi ng needed to solve nore difficult problens
for many inhaled organic chemcals. There are other extrapol ation issues
needi ng nmore el enmentary approaches, such as cases for which ani mal nodel s of
devel opnental toxicity and neurotoxicity need to be refined and nechani sns
understood in relation to human nechani sns before such nodels can be applied
to collect data for ultimte extrapol ations.

Thus, areas of enphasis for ORD s extrapol ation program are:
1. Inmproving the scientific basis for extrapol ation

2. Decreasing uncertainties in risk assessnents by inproving the
preci si on of extrapol ati ons.

3. Responsiveness to the extrapol ati on needs of the program offices.

These considerations, issues, and goals were incorporated into the devel -
opnent of the extrapol ation research projects to be described. The scope of
the overall programis broad, given the expertise, resources, and specific
m ssions of the research groups involved. The chapters of this docunment are
organi zed by research groups to facilitate the presentation and are as fol-
| ows:

OHR: Non-i oni zing radi ati on - Scaling physiologic effects of radio
frequency radi ati on exposure and nat hemati cal nodeling of therno-
regul atory systens.

Reproduction and teratology - Adult vs devel oping enmbryo m nima
dose extropol ation; naternal toxicity in teratogenesis, the role of
met abolic regulation during differentiation; reproductive toxico-

| ogical testing to inprove extrapol ation of effects.
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